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FOREWORD 
This i s  t h e  f i n a l  r e p o r t  of t he  Apollo Se rv ice  P ropu l s ion  System Rocket 
Engine B ip rope l l an t  Valve Improvement Program. It i s  submit ted i n  accordance 
with E x h i b i t  D of Appendix I1 of Contract  NAS 9-8317. 
a l l  of t h e  work accomplished under t h i s  c o n t r a c t .  
p laced upon Phase I1 of t h e  program which included a l l  work wi th  cryogenic  
p r o p e l l a n t s .  A more d e t a i l e d  d e s c r i p t i o n  of t h e  work accomplished during 
Phase I of t h e  program may be found i n  t h e  Phase I I n t e r i m  Report 8317-P1 of 
J u l y  1970. 
The r e p o r t  summarizes 
Primary emphasis has  been 
The program w a s  adminis tered from t h e  ALRC Apollo Department under t h e  
d i r e c t i o n  of C. E. Teague. 
v i  
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I. INTRODUCTION 
Contract  NAS 9-8317 s t a r t e d  i n  J u l y  1968. The program o b j e c t i v e  was 
t o  improve t h e  Apollo Se rv ice  P ropu l s ion  System (SPS) b i p r o p e l l a n t  valve. 
The o r i g i n a l  scope of work c o n s i s t e d  of t h e  des ign ,  f a b r i c a t i o n ,  and 
test of one p rep ro to type  valve assembly. 
improved l e a k  rates and assembly procedures.  
concluded i n  December 1969. 
Primary emphasis w a s  p l aced  upon 
This work w a s  s u c c e s s f u l l y  
On 28 June 1970, Contract  Modif icat ion Order 3s w a s  i s sued  c a l l i n g  f o r  
t h e  design and f a b r i c a t i o n  of two workhorse p r o p e l l a n t  valves t h a t  could b e  
used wi th  t h e  test engine being f a b r i c a t e d  on ano the r  NASA sponsored c o n t r a c t  
(NASA 9-8285). 
poppets and dynamic seals s o  t h a t  material e v a l u a t i o n  t e s t i n g  could be accom- 
p l i shed .  This  e f f o r t  w a s  concluded i n  February 1971. 
These valves w e r e  a l s o  designed f o r  ease of replacement of 
11. SUMMARY 
The f u n c t i o n  of t h e  SPS b i p r o p e l l a n t  valve is  t o  c o n t r o l  t h e  flow of 
p r o p e l l a n t s  [N204 and AeroZINE 50 (50/50 UDMH-Hydrazine)] t o  t h e  engine.  
Because of t h e  c r i t i ca l  n a t u r e  of t h e  Apollo Mission, t h e  va lve  w a s  designed 
wi th  pa ra l l e l  and redundant f e a t u r e s  which r e s u l t e d  i n  t h e  va lve  r e a l l y  being 
two va lves  i n  one assembly. 
Each p a i r  of f u e l  and o x i d i z e r  flow passages i s  c o n t r o l l e d  by a s e p a r a t e  
and independent pneumatic a c t u a t i o n  system. 
valves, each of which has  two seals. 
Each flow passage has  two b a l l  
The SPS v a l v e  has experienced two major problem areas. These were 
marginal l i f e  cyc le  c h a r a c t e r i s t i c s ,  i .e . ,  excess ive  leakage a f t e r  cyc l ing ,  
and complicated assembly and r e p a i r  procedures.  
Page 1 
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11, Summary Ccont.) 
The primary o b j e c t i v e  of Phase I of Contract  NAS 9-8317 w a s  t o  improve 
upon t h e  u n d e s i r a b l e  f e a t u r e s  of t h e  e x i s t i n g  valve design.  Phase I s t a r t e d  
during t h e  f i r s t  week of J u l y  1968. 
Related experience w a s  reviewed and t r a d e o f f  s t u d i e s  were conducted t o  
e s t a b l i s h  t h e  b a s i c  valve concept. The s e l e c t e d  concept r e t a i n e d  t h e  b a s i c  
SPS d u a l  p r o p e l l a n t  passages wi th  redundant d u a l  seal b a l l  valves, b u t  depa r t ed  
s i g n i f i c a n t l y  from t h e  SPS i n  o t h e r  des ign  areas: 
completely modular, i .e . ,  i n d i v i d u a l ,  i n t e rchangeab le  b a l l  and seal assemblies ,  
housings,  a c t u a t o r s ,  and a c t u a t i o n  systems f o r  ease of maintenance; (2)  t h e  
b a l l  seals w e r e  l i f t e d  f r e e  of t h e  b a l l  i n  t h e  f i r s t  few degrees  of motion t o  
reduce t h e  wiping a c t i o n  and improve c y c l e  l i f e ;  (3)  t h e  d r i v e  mechanism incor-  
po ra t ed  i d l e r  gea r s  t o  ensu re  t h a t  t h e  bo res  of t h e  f u e l  and o x i d i z e r  b a l l s  
were p a r a l l e l  t o  t h e  housing bo res  when i n  t h e  f u l l  open p o s i t i o n ;  and ( 4 )  t h e  
r e t u r n  s p r i n g  of t h e  a c t u a t o r s  w a s  p o s i t i o n e d  e x t e r n a l  t o  t h e  a c t u a t i o n  c a v i t y .  
The pneumatic a c t u a t i o n  c o n t r o l  w a s  r e t a i n e d ,  a l though i t  w a s  recognized t h a t  
an electrical  system would o f f e r  some advantages.  
(1) t h e  valve assembly w a s  
Following t h e  conceptual  design review h e l d  a t  NASAfMSC i n  e a r l y  
November 1968, t h e  d r a f t i n g  of t h e  d e t a i l e d  engineer ing drawings w a s  s t a r t e d ,  
F i r s t  p r i o r i t y  w a s  a s s igned  t o  t h e  valve c a r t r i d g e ,  i . e . ,  t h e  module which 
con ta ins  one b a l l ,  l i f t o f f  cams, and t h e  upstream and downstream seals. A s  
soon as t h e  drawing s t a t u s  permit ted a good approximation of t h e  f i n a l  con- 
f i g u r a t i o n ,  a test assembly composed of o b s o l e t e  SPS components w a s  f a b r i c a t e d  
t o  test t h e  f e a s i b i l i t y  of t h e  concept.  The r e s u l t s  of t h e s e  tests showed 
e x c e l l e n t  seal l i f e  and u n s a t i s f a c t o r y  c a m  cyc le  l i f e .  Consequently, t h e  
design was modified t o  i n c r e a s e  t h e  c a m  bea r ing  width.  
A t  t h i s  p o i n t ,  i t  w a s  decided t o  d e p a r t  from t h e  o r i g i n a l  program p l a n  
which had been publ ished a t  t h e  end of t h e  f i r s t  program month. This  p l a n  
Page 2 
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11, Summary ( con t . )  
c a l l e d  f o r  t h e  Phase I des ign  review and subsequent f a b r i c a t i o n  of t h e  optimized 
valve immediately upon completion of t h e  tests conducted wi th  t h e  o b s o l e t e  SPS 
hardware. An assessment of t h e  test  r e s u l t s  i n d i c a t e d  t h a t  t h i s  course of 
a c t i o n  would b e  i m p r a c t i c a l  because i t  had n o t  been p o s s i b l e  t o  maintain t h e  
c l o s e  t o l e r a n c e  r equ i r ed  t o  adequately e v a l u a t e  t h e  cam and fo l lower  assembly. 
Another unknown w a s  t h e  bellows used i n  both t h e  upstream and downstream cage 
assemblies.  Consequently, because t h e  c a r t r i d g e  assembly w a s  d e f i n i t e l y  t h e  
most important  subassembly and t h e  only one which extended t h e  e x i s t i n g  tech- 
nology, i t  w a s  adv i sab le  t o  apply e x t r a  e f f o r t  t o  t h e  component level  tests 
wi th  p rep ro to type  c a r t r i d g e  assemblies  b e f o r e  committing t o  t h e  complete va lve  
assembly . 
C a r t r i d g e  dry c y c l e  t e s t i n g  s t a r t e d  during t h e  l a t t e r  p a r t  of May 1969. 
The r e s u l t s  of t h e s e  tests demonstrated t h e  concept t o  be completely 
s a t i s f a c t o r y .  
Assembly of t h e  two-bore va lve  s t a r t e d  i n  September 1969. This assembly 
cons i s t ed  of one f u e l  bo re  and one o x i d i z e r  bo re ,  i . e . ,  one h a l f  of a p ro to type  
design. The r e s u l t s  i n d i c a t e d  t h e  fol lowing:  
( a )  S a t i s f a c t o r y  s e a l i n g  c h a r a c t e r i s t i c s  of l i f t o f f  b a l l  seals i n  
which t h e  a x i a l  displacement w a s  absorbed by convoluted bellows. 
(b) Unsa t i s f ac to ry  c h a r a c t e r i s t i c s  w i th  bending type seals i n  which 
no p rov i s ion  w a s  made f o r  a x i a l  displacement.  
(c )  U n s a t i s f a c t o r y  c h a r a c t e r i s t i c s  w i th  seals i n  which t h e  a x i a l  
displacement w a s  taken ou t  by t h e  t o r o i d a l  bellows ( 1  convolute) .  
Page 3 
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11, Summary (cont . )  
(d) L i f t o f f  cams and fo l lowers  performed w e l l  i n  t h e  o x i d i z e r  b u t  t h e  
l u b r i c a n t  (S-122 Teflon s p r a y )  w a s  n o t  s a t i s f a c t o r y  f o r  f u e l  service. 
( e )  The a c t u a t o r s ,  d r i v e  g e a r ,  and s h a f t  seal components funct ioned 
adequately.  
I n  summary, a l though some minor problems w e r e  y e t  t o  be s o l v e d ,  t h e  
valve demonstrated a d e f i n i t e  p o t e n t i a l  f o r  improvement over t h e  e x i s t i n g  SPS 
valve design,  and f u r t h e r ,  a c y c l e  l i f e  of 20,000 c y c l e s  wi th  an a t t e n d a n t  
maximum leakage rate of approximately 50 c c / h r  could b e  r e a l i z e d .  
Tes t ing  of t h e  completed v a l v e  commenced i n  November 1969 and terminated 
i n  January 1970. 
Phase 11, t h e  cryogenic  p r o p e l l a n t  p o r t i o n  of t h e  program, s t a r t e d  i n  
June 1970. 
chamber s t u d i e s  being conducted on ano the r  NASA sponsored c o n t r a c t  a t  ALRC 
(Contract NAS 9-8285). 
The o b j e c t i v e  of t h i s  program w a s  t o  suppor t  r e l a t e d  i n j e c t o r  and 
Two workhorse type  valves were designed and f a b r i c a t e d .  The va lves  
were designed wi th  a d u a l  o b j e c t i v e :  
f i r e d  wi th  t h e  i n j e c t o r  chamber combination a v a i l a b l e  from NAS 9-8285; and 
(2) t o  have enough design f l e x i b i l i t y  t o  suppor t  l a b o r a t o r y  seal t e s t i n g .  
Consequently, t h e  valves were overdesigned i n  t h a t  wide allowance w a s  made t o  
provide s t o c k  t o  machine grooves f o r  v a r i o u s  types of seals. 
(1) t o  have t h e  c a p a b i l i t y  of being test 
The i n i t i a l  s tudy  e f f o r t  w a s  d i r e c t e d  toward a b i p r o p e l l a n t  valve 
design. However, a f t e r  a review of p o t e n t i a l  engine c o n f i g u r a t i o n s  and 
a v a i l a b l e  b i p r o p e l l a n t  valve des igns ,  it w a s  decided t h a t  a s i n g l e  va lve  con- 
cep t  would b e  more a p p r o p r i a t e .  
r e s p e c t  t o  l e a d  l a g ,  mixture  r a t i o  c o n t r o l ,  and engine i n t e r f a c e .  
A s i n g l e  v a l v e  o f f e r s  more v e r s a t i l i t y  w i th  
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11, Summary (cont . )  
The p r e f e r r e d  valve concept s e l e c t e d  w a s  a pneumatical ly  a c t u a t e d ,  
angled poppet valve. The poppet conf igu ra t ion  w a s  chosen because of i ts  h igh  
cyc le  l i f e ,  minimum seal wear, and a d a p t a b i l i t y  t o  s i z e  requirements .  A 
pneumatic a c t u a t i o n  system w a s  s e l e c t e d  over  h y d r a u l i c  and e l e c t r i c  systems 
because of in tended  test  s t a n d  usage. This  a c t u a t i o n  method a f f o r d s  a f a i l -  
s a f e  c a p a b i l i t y ,  a b i l i t y  t o  vary  va lve  response t i m e  wi thout  r edes ign ,  and 
t o  minimize t h e  temperature  e f f e c t  on t h e  a c t u a t i o n  media. 
Main v a l v e  shu to f f  c o n t r o l  i s  accomplished by a compression molded 
Kel-F poppet s e a l i n g  a g a i n s t  a 304 s t a i n l e s s  seat. The c o n t r a c t i n g  s u r f a c e  of 
t h e  poppet is  a s p h e r i c a l  r ad ius  and t h e  seat  s u r f a c e  i s  f l a t .  Poppet t o  seat 
loading is  accomplished by two bery l l ium copper B e l l e v i l l e  s p r i n g  washers 
pos i t i oned  w i t h i n  t h e  a c t u a t o r  p i s ton .  The r e s u l t a n t  f o r c e ,  174 l b ,  i s  
t r ansmi t t ed  through t h e  valve s h a f t  shoulder  from t h e  i n s i d e  diameter  of t h e  
sp r ing  washer. Poppet t ravel  o r  seat p e n e t r a t i o n ,  a f t e r  t h e  va lve  c los ing  
sp r ings  have r e tu rned  t h e  a c t u a t o r  p i s t o n  t o  t h e  c losed  p o s i t i o n ,  i s  c o n t r o l l e d  
by an a d j u s t a b l e  gap between t h e  p i n t l e  n u t  and a c t u a t o r  p i s t o n  guide.  
p e r t i n e n t  des ign  f e a t u r e s  are: a r e a d i l y  removable shu to f f  seat  s o  t h a t  o t h e r  
conf igu ra t ions  may be  eva lua ted ;  cons ide ra t ion  w a s  given t o  t h e  p o s s i b i l i t y  of 
t e s t i n g  d i f f e r e n t  types  of s h a f t  seals;  t h e  q u a n t i t y  of B e l l e v i l l e  s p r i n g  
washers is  n o t  f i x e d  b u t  can be  v a r i e d  depending on s e a l i n g  f o r c e  requirements .  
Other 
The primary o b j e c t i v e  of t h e  t e s t  program w a s  t o  eva lua te  t h e  cryogenic  
performance of t h e  polymeric dynamic s h a f t  and p i s t o n  seals and t h e  poppet 
seal material. I n  a d d i t i o n ,  K versus  va lve  p o s i t i o n ,  t h e  AP a t  t h e  des ign  
f lowra te ,  and minimum achievable  poppet t r a v e l  t i m e  were determined. 
W 
A summary of tests conducted and t h e  a s s o c i a t e d  test  p re s su res  i s  as 
fol lows : 
Page 5 
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11, Summary (cont . )  
T e s t  
Acceptance l e a k  check 
Pos t  10,  50, 75, and 100 
dry cyc le s  l e a k  check 
Pos t  100 w e t  cyc le s  l e a k  check 
Pos t  500 w e t  cyc le s  l e a k  check 
Post  1000 w e t  cyc le s  l e a k  check 
Pos t  5000 w e t  cyc le s  l e a k  check 
Pos t  7000 w e t  cyc le s  l e a k  check 
Pos t  10,000 w e t  cyc le s  l e a k  check 
Pos t  10,000 cyc le s  a t  ambient l e a k  check 
Leak Check P res su re ,  p s i g  
10 30 100 200 500 700 - - - - - -  
X X X X X X 







The valve conf igu ra t ion  f o r  t h e  f i r s t  test series of 10,000 cyc le s  w a s  
w i th  RACO s h a f t  and p i s t o n  seals and t h e  Kel-F molded poppet. An a d d i t i o n a l  
10,000 cyc le  test  w a s  conducted wi th  Delta dynamic seals and a p a r t i a l l y  
encapsulated Tef lon  poppet. 
from t h e  test  series are as fol lows:  
Primary des ign  cr i ter ia  and min/max leakage d a t a  
Leakage Rate, SCC/HR GHe 
30 P s i g  700 P s i g  
Max -Min -Max -Min -
Actuator  P i s t o n  Seals 
RACO 
Delta 
Rear Sha f t  S e a l  
RACO 
Delta 
0 8,010 6 , 888 882,000 
0 30 0 48 , 000 
0 
0 
2,244 966 184,000 
125 0 14  , 400 
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11, Summary (cont . )  
30 P s i g  700 Ps ig  
Max Min Max - - -Min -






1 2  , 000 0 96,000 
45 90 4,002 
Poppet 
Kel-F 0 0 0 0 
Tef lon  0 90,000 0 10 , 410 
NOTE: The des ign  c r i t e r i a  f o r  t h e  RACO and Delta dynamic seals are 
100 s c c / h r  GHe,  and 100 s c c / h r  G H e ,  r e s p e c t i v e l y ,  p a s t  t h e  
poppet. The above d a t a  are t h e  minimum and maximum leakage 
rates noted  throughout  each of t h e  10,000 LN cyc le  tests. 2 
Water flow t e s t i n g  w a s  performed t o  determine t h e  v a l v e  r e s i s t a n c e  
(K ) and p r e s s u r e  d i f f e r e n t i a l  a t  t h e  designed f lowra te .  
(K = ) w a s  c a l c u l a t e d  a t  10% increments  of va lve  opening. A t  100% 
open t h e  valve r e s i s t a n c e  w a s  3 . 7 2 .  The p r e s s u r e  drop ac ross  t h e  valve w a s  
16 p s i  a t  a w a t e r  f l o w r a t e  of 16 l b l s e c  and a t  a supply p re s su re  of 700 ps ig .  
Minimum valve poppet t rave l  t i m e  tests w e r e  accomplished us ing  a Marot ta  
so l eno id  valve ( o r i f i c e  s i z e  = 0.190 i n . )  a t t ached  d i r e c t l y  t o  t h e  OME valve 
a c t u a t o r  i n l e t  p o r t .  The f a s t e s t  poppet t ravel  t i m e  achieved w a s  0.007 sec 
opening and 0.035 sec c l o s i n g  wi th  a supply p r e s s u r e  of 800 p s i g  (GHe). 
Valve r e s i s t a n c e  
W 
G 
JAP x S.G. W 
A minimum cyc le  l i f e  of 10,000 c y c l e s  a t  l i q u i d  n i t r o g e n  temperature  
w a s  d e s i r e d  w i t h  leakage  rates w i t h i n  t h e  des ign  c r i t e r i a .  The Kel-F poppet 
conf igu ra t ion  achieved t h i s  goa l ;  however, n e i t h e r  t h e  RACO o r  Delta dynamic 
seals remained w i t h i n  t h e  des ign  l i m i t s  a t  low temperature .  During t h e  
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low-pressure leakage tests, 30 p s i g  GHe ,  t h e  maximum Delta seal leakage w a s  
125 s c c / h r  as compared t o  2,244 s c c / h r  w i t h  a RACO seal i n  t h e  same l o c a t i o n .  
The maximum Delta seal leakage a t  t h e  h i g h e r  test  p r e s s u r e ,  700 p s i g  GHe, w a s  
48,000 s c c / h r  as compared t o  882,000 s c c / h r  w i t h  a RACO seal. Dynamic seal 
leakage,  i n  t h e  RACO and Delta c o n f i g u r a t i o n s ,  i s  a t t r i b u t e d  t o  seal sh r inkage  
away from t h e  s e a l i n g  s u r f a c e .  This  is  confirmed by t h e  leakage rates be ing  
w i t h i n  l i m i t s  a t  ambient temperature  both b e f o r e  t h e  s t a r t  of t h e  10,000 LN2 
cyc le s  and a t  t h e  conclusion.  I n d i c a t i o n s  are t h a t  t h e  Delta dynamic seals 
are s u p e r i o r  t o  RACO seals i n  cryogenic  temperature  a p p l i c a t i o n s ;  however, 
f u r t h e r  e f f o r t  would be r e q u i r e d  t o  v e r i f y  t h a t  t h e  seals could b e  brought t o  
w i t h i n  accep tab le  leakage l i m i t a t i o n s .  
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The var ious  elements  o r  t a s k s  of t h e  Valve Improvement Program (VIP), 
which r e s u l t e d  i n  t h e  f a b r i c a t i o n  and test  of an optimized SPS valve concept ,  
are r epor t ed  i n  d e t a i l  i n  t h e  Phase I Report. That r e p o r t ,  AGC 8317-P1, da ted  
Ju ly  1970, i s  concerned only wi th  t h e  hype rgo l i c  p r o p e l l a n t  phase of t h e  con- 
tract .  This r e p o r t  con ta ins  information on both t h e  hypergol ic  and cryogenic  
p r o p e l l a n t  p o r t i o n s  of t h e  program wi th  emphasis p laced  upon t h e  c ryogenic  
p r o p e l l a n t  po r t ion .  
A. HYPERGOLIC PROPELLANT PHASE 
1. Program Tasks 
A s  s t a t e d  p rev ious ly ,  t h e  o b j e c t i v e  of t h e  hype rgo l i c  p o r t i o n  
of t h e  c o n t r a c t  w a s  t o  improve upon the  e x i s t i n g  SPS engine valve.  The approach 
involved a review of prev ious  r e l a t e d  exper ience ,  des ign  s e l e c t i o n  based upon 
t h e  r e s u l t s  of t h a t  review, f e a s i b i l i t y  tests of c r i t i c a l  components of t h e  
s e l e c t e d  des ign ,  and f i n a l l y ,  f a b r i c a t i o n  and test of one prepro to type  u n i t .  
Because t h i s  r e p o r t  i s  concerned p r i m a r i l y  wi th  t h e  cryogenic  
p r o p e l l a n t  phase of t h e  program, only r e p r e s e n t a t i v e  d a t a  are inc luded  i n  t h i s  
t h e  hype rgo l i c  p r o p e l l a n t  po r t ion .  Also, t h e  t a s k s  are r epor t ed  as independent 
and d i s t i n c t  events  a l though t h e r e  w a s  cons iderable  overlapping both  i n  techni -  
cal  make-up and i n  schedule.  
a. R e v i e w  of Previous Experience and Tradeoff S tud ie s  
A comprehensive review of r e l a t e d  exper ience  wi th in  
Aero je t  w a s  i n i t i a t e d  i n  t h e  second c o n t r a c t  week. The purpose of t h i s  review 
w a s  t o  i d e n t i f y  p a s t  problems s o  t h a t  a p p r o p r i a t e  countermeasures could be 
i n s t i t u t e d  e a r l y  i n  t h e  program. 
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I n  a d d i t i o n  t o  sources  w i t h i n  Aero je t ,  t e c h n i c a l  discus-  
s i o n s  were h e l d  wi th  two of t h e  Apollo s u b c o n t r a c t o r s  who a l s o  w e r e  u s ing  b a l l -  
type p r o p e l l a n t  valves. 
On 23 September 1968, a t e c h n i c a l  exchange meeting w a s  
h e l d  a t  Thompson Ram0 Wooldridge (TRW, Inc.), t h e  manufacturer of t h e  Lunar 
Descent Engine b i p r o p e l l a n t  s h u t o f f  valve.  Much of t h e  d i s c u s s i o n  involved 
TRW's experience wi th  va r ious  materials and coa t ings  i n  t h e  N 0 
environment . 
and AeroZINE 50 2 4  
B e l l  Aerosystems expe r i ence  wi th  t h e  Lunar Module Ascent 
Engine b i p r o p e l l a n t  valve w a s  reviewed a t  Niagara F a l l s ,  New York, 18 October 
1968. 
A review of t h e  va r ious  design f e a t u r e s  of t h i s  va lve  
showed t h a t  although two seals are used on each b a l l  [ a l s o  being considered 
f o r  t h e  Valve Improvement Program (VIP) valve], t h e  design concept w a s  q u i t e  
d i f f e r e n t .  The b a l l  w a s  allowed t o  f l o a t  between t h e  Teflon seals. The main 
seal is t h e  downstream sea l  which i s  f i x e d  i n  place.  The upstream seal  is  n o t  
r e a l l y  a seal i n  t h a t  i t  does n o t  sea l  between seal  and t h e  body - i ts  primary 
purpose being t o  t r a n s m i t  l oad  from Bellevil le s p r i n g s  through t h e  b a l l  and 
a g a i n s t  t h e  downstream seal. The review of previous expe r i ence  w a s  concluded 
a t  t h i s  p o i n t  with t h e  r e s u l t s  app l i ed  t o  t h e  t r adeof f  s t u d i e s .  
Tradeoff s t u d i e s  w e r e  a l s o  i n i t i a t e d  i n  t h e  second con- 
t ract  week and conducted i n  p a r a l l e l  with t h e  review of previous experience.  
The purpose of t h e s e  s t u d i e s  w a s  t o  select  t h e  optimum design from t h e  va r ious  
des ign  concepts.  A s  a p a r t  of t h i s  s tudy ,  formal review meetings w e r e  h e l d  a t  
Aero je t  which were a t t ended  by personnel  from Engineering, T e s t ,  Qua l i ty  
Control ,  and Apollo departments which had s p e c i a l i z e d  a p p l i c a b l e  knowledge and 
experience.  
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The f i r s t  of t h e s e  reviews w a s  h e l d  during t h e  second 
program month and r e s u l t e d  i n  t h e  e s t ab l i shmen t  of des ign  ground r u l e s  which 
would serve t o  narrow t h e  f i e l d  of p o t e n t i a l  designs t o  receive d e t a i l e d  
s t u d i e s .  These were: 
(1) The improved va lve  should b e  p h y s i c a l l y  and func- 
t i o n a l l y  in t e rchangeab le  wi th  t h e  e x i s t i n g  valve. It  w a s  a design goa l  t o  
a t t a i n  a leakage rate of less than 10 c c / h r  of helium, al though t h i s  goal  w a s  
recognized as a r b i t r a r y .  
(2) Weight w a s  important  b u t  n o t  an o v e r r i d i n g  f a c t o r .  
(3 )  The valve should have improved r e l i a b i l i t y  and fab- 
r i c a b i l i t y .  A design goa l  w a s  t o  reduce f a b r i c a t i o n  c o s t s  t o  one-third t h a t  
of t he  e x i s t i n g  valve.  
( 4 )  The complete development of an e l e c t r i c a l  a c t u a t i o n  
system w a s  beyond t h e  scope of t h e  p r e s e n t  c o n t r a c t .  However, c o n s i d e r a t i o n  
should b e  given t o  t a i l o r i n g  t h e  design such t h a t  e l e c t r i c a l  a c t u a t o r s  could 
be used on t h e  new v a l v e  without  r e q u i r i n g  changes t o  t h e  va lve  assemblies  o the r  
than r e p l a c i n g  the  pneumatic a c t u a t o r s ,  
( 5 )  An improved SPS pneumatic a c t u a t i o n  system should be 
used. 
(6) The e x i s t i n g  engine and i n j e c t o r  i n t e r f a c e s  should 
n o t  be changed except  as r e q u i r e d  t o  avoid s e v e r e l y  compromising t h e  b ip rope l -  
l a n t  va lve  design. 
( 7 )  The optimized b i p r o p e l l a n t  v a l v e  should be funct ion-  
a l l y  in t e rchangeab le  wi th  t h e  e x i s t i n g  SPS valve.  
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(8) The valve would use cam-lifted b a l l  seals t o  mini- 
mize seal wear. 
(9) C a r t r i d g e  modules, i n s t a l l e d  i n  quadmonopropellant 
valves would b e  used. The c a r t r i d g e  module would con ta in ,  as a minimum, a b a l l  
and two seals, wi th  t h e  c a p a b i l i t y  of l e a k  t e s t i n g  t h e  seals as a subassembly. 
The c a r t r i d g e s ,  i f  n o t  a l i k e ,  would be noninterchangeable.  
(10) The valve housing would pe rmi t  a c a r t r i d g e  t o  be 
i n s t a l l e d  wi thou t  r e q u i r i n g  disassembly of ano the r  c a r t r i d g e .  
design goa l  t o  permit  replacement of a valve c a r t r i d g e  without  disassembly of 
t h e  valve h a l v e s ,  o r  inboard s h a f t  seals. 
I t  w a s  a l s o  a 
(11) The a c t u a t o r  housing would be s e p a r a t e  from e i t h e r  
valve h a l f .  The valve would be i d e n t i c a l ,  except  t h a t  t h e  f u e l  and o x i d i z e r  
valve- to-actuator  i n t e r f a c e  would be noninterchangeable .  
between e lectr ical  and pneumatic a c t u a t i o n  systems would be a cons ide ra t ion  i n  
t h e  design of t h e  a c t u a t o r  housing. 
The i n t e r c h a n g e a b i l i t y  
(12) It w a s  a design goal  t o  p rov ide  a d j u s t a b l e  va lve  end 
p o s i t i o n  s t o p s .  
(13) B i p r o p e l l a n t  valve assembly handl ing p rov i s ions  
should be inco rpora t ed  i n  t h e  design.  
Once t h e  b a s i c  groundrules had been e s t a b l i s h e d ,  work on 
numerous s p e c i f i c  design concepts w a s  s t a r t e d .  
The ma t r ix  l i s t i n g  t h e  advantages and disadvantages of 
each of t h e  concepts considered i s  inc luded  i n  F igu re  1. 
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Upon completion of t h e  t r a d e o f f  s t u d i e s ,  ano the r  i n t e r n a l  
Aero je t  des ign  review w a s  h e l d  t h a t  r e s u l t e d  i n  t h e  s e l e c t i o n  of t h e  b a s i c  
design.  
b. Design S e l e c t i o n  and Desc r ip t ion  
The r e s u l t s  of t h e  foregoing  s t u d i e s  are embodied i n  t h e  
valve des ign  shown i n  t h e  cutaway diagram (Figure  2 ) .  The s a l i e n t  f e a t u r e s  of 
t h e  des ign  are: 
(1) Housing 
The valve housing c o n s i s t s  of  two i d e n t i c a l  c a s t i n g s .  
Each c a s t i n g  has  two bores  which form p a r a l l e l  p r o p e l l a n t  f low passages ( i n  
F igure  2,  t h e  two bores  on t h e  l e f t  are w i t h i n  one c a s t i n g ) .  The bo res  are 
machined t o  accep t  c a r t r i d g e  assemblies  from each end. These assemblies  are 
r e t a i n e d  i n  p o s i t i o n  by c o v e r p l a t e s ,  which are b o l t e d  over  t h e  ends of  t h e  f low 
passages a f t e r  assembly. I n  a d d i t i o n ,  t h e  housing con ta ins  keyed s h a f t s  which 
t r ansmi t  opening and c l o s i n g  torques  from t h e  a c t u a t i o n  gearbox t o  t h e  valve 
b a l l s .  A s h a f t  and key are shown i n  t h e  upper bore  of  F igure  2 where t h e  car- 
t r i d g e  assembly h a s  been omi t ted  f o r  c l a r i t y .  The key is  shown i n  t h e  ver t ica l  
p o s i t i o n .  It  w a s ,  of course ,  r o t a t e d  t o  t h e  h o r i z o n t a l  a t t i t u d e  du r ing  car- 
t r i d g e  assembly. Drain,  b l eed ,  and test p o r t s  w e r e  a l s o  inc luded  i n  t h e  hous- 
i n g  assembly. These p o r t s  are shown i n  F igu re  2 ( l e f t  s i d e ) .  
(2)  Actua tor  
Four a c t u a t o r  assemblies  are inc luded  i n  t h e  b ipro-  
p e l l a n t  valve assembly. Each a c t u a t o r  c o n t r o l s  one f u e l  and one o x i d i z e r  b a l l  
sea l  assembly. The a c t u a t o r s  are shown i n  t h e  assembled cond i t ion  b o l t e d  
between t h e  housings i n  F igure  2 .  The l i n e a r  motion of t h e  pneumatical ly  
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a c t u a t e d  p i s t o n  i s  converted t o  r o t a r y  motion by a r a c k  and pinion.  This 
motion i s  then  t r ansmi t t ed  t o  t h e  b a l l  s h a f t s  (desc r ibed  i n  t h e  housing d i s -  
cussion above) through a gea r  t r a i n .  
f o r  an o x i d i z e r  l e a d  upon opening which i s  r e q u i r e d  t o  ensu re  a smooth engine 
start t r a n s i e n t .  
The gear  r a t i o  of t h e  gear  t r a i n  provides  
The a c t u a t o r  i s  s p r i n g  c losed  wi th  t h e  s p r i n g s  
l o c a t e d  o u t s i d e  of t h e  p r e s s u r i z a t i o n  c a v i t y  t o  p rec lude  contamination of t h e  
pneumatic system by spr ing-generated p a r t i c u l a t e  matter. 
(3)  Car t r idge  Assembly 
The c a r t r i d g e  assembly shown i n  Figure 3 con ta ins  
t h e  seals, and because of t h i s ,  i t  i s  t h e  most important  of t h e  subassemblies.  
I n  ope ra t ion ,  t h e  key i n  t h e  d r i v e  s h a f t  (see F igure  2) engages t h e  s l o t  o r  
keyway i n  t h e  cam. The r o t a r y  motion imparted by t h e  d r i v e  s h a f t  through t h e  
keyway t o  t h e  cam causes  t h e  cam fo l lower  t o  r i d e  up on the  cam lobe. The 
motion of t h e  c a m  fo l lowers  i s  then t r a n s m i t t e d  t o  t h e  seal l i f t  r i n g ,  which 
i n  t u r n  l i f t s  t h e  seal away from t h e  s u r f a c e  of t h e  b a l l .  Seal motion i s  taken 
by a bellows on t h e  downstream seal and by bending of t h e  seal i n  t h e  upstream 
seal. S e a l  l oad ing  w a s  accomplished by c o i l  s p r i n g s  l o c a t e d  around t h e  circum- 
f e r e n c e  of both t h e  upstream and downstream seals. The seals were l i f t e d  o f f  
t h e  s e a l i n g  s u r f a c e  i n  t h e  f i r s t  6 degrees  of b a l l  motion, thereby minimizing 
t h e  p o s s i b i l i t y  of sea l  damage by rubbing on t h e  b a l l  s u r f a c e .  
( 4 )  Actuat ion System 
The SPS-type pneumatic a c t u a t i o n  system w a s  r e t a i n e d  
i n  t h e  i n t e r e s t  of economy although i t  w a s  repackaged as shown i n  F igu re  4. 
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c. Single-Posi t ion Valve Tests 
The o r i g i n a l  purpose of t h e  s i n g l e - p o s i t i o n  tests w a s  
t o  support  t h e  design e f f o r t  and provide a quick,  economical method of evalu- 
a t i n g  design concepts b e f o r e  they were inco rpora t ed  i n  t h e  f i n a l  design.  The 
f i r s t  tests w e r e  t o  be conducted wi th  s u r p l u s  o r  expended hardware from t h e  SPS 
program and subsequent tests were t o  be conducted wi th  breadboard v e r s i o n s  of 
VIP hardware. 
The s i n g l e - p o s i t i o n  tests were la ter  expanded t o  inc lude  
tests wi th  p ro to type  c a r t r i d g e  assemblies.  This change w a s  necessa ry  because 
t h e  c a r t r i d g e  assembly w a s  completely d i f f e r e n t  from t h e  b a s i c  SPS design,  and 
as a consequence, i t  w a s  n o t  p o s s i b l e  t o  e v a l u a t e  t h e  design t o  t h e  e x t e n t  
t h a t  i t  would be prudent  t o  d e f i n e  the  t o t a l  va lve  a f t e r  only l i m i t e d  t e s t i n g  
wi th  used hardware. The tests conducted wi th  both types of hardware are sum- 
marized i n  t h e  fol lowing paragraphs: 
(1) S ing le -Pos i t i on  Tests with SPS Hardware 
The s i n g l e - p o s i t i o n  t e s t i n g  w a s  i n i t i a t e d  i n  mid- 
November 1968. The primary purpose of t h e  f i r s t  series of tests w a s  t o  gain 
i n s i g h t  i n t o  t h e  o p e r a t i o n  of t h e  cam. The secondary o b j e c t i v e  w a s  t o  o b t a i n  
prel iminary d a t a  t o  v e r i f y  t h a t  t h e  reduced rubbing d i s t a n c e  of t h e  sea l  would 
produce a s i g n i f i c a n t  r educ t ion  i n  s e a l  w e a r  and improvement i n  leakage. 
The hardware r equ i r ed  f o r  performing t h e s e  tests 
cons i s t ed  p r i n c i p a l l y  of t h e  e x i s t i n g  Apollo b a l l  valve hardware w i t h  some 
minor mod i f i ca t ions  which w e r e :  (1) t he  b a l l  w a s  made narrower so  t h a t  t h e  
b a l l  and cams would f i t  i n t o  the  e x i s t i n g  cage; (2)  t h e  cage w a s  shortened t o  
accommodate t h e  seal  l i f t  r i n g ;  and ( 3 )  t h e  s h a f t  w a s  s l o t t e d  t o  key t h e  out- 
board c a m  t o  t h e  s h a f t .  New p a r t s ,  such as t h e  cams, fo l lowers ,  and the  seal  
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l i f t i n g  mechanisms, w e r e  designed and procured s p e c i f i c a l l y  f o r  t h e s e  tests. 
The cam des ign  w a s  recognized as be ing  one of t h e  most cha l l eng ing  a s p e c t s  of 
t h e  new components because of t h e  long c y c l e  l i f e  r e q u i r e d  a t  high loads.  
Figure 5 i s  a drawing of t h e  s i n g l e  p o s i t i o n  tester, and F igure  6 i s  a photo- 
graph of t h e  components. 
The f i r s t  tests w e r e  conducted wi th  l i f t o f f  cams 
and fo l lowers  f a b r i c a t e d  from type 17-4 s t a i n l e s s  s tee l  and hard-coated with 
a flame d i s p e r s i o n  i d e n t i f i e d  by t h e  t r a d e  name of Colmonoy No. 6. Succeeding 
tests w e r e  conducted wi th  Colmonoy No.  72. The tests i n d i c a t e d  t h a t  w h i l e  t h e  
hard c o a t i n g  process  w a s  probably f e a s i b l e ,  i t  was  n o t  d e s i r a b l e  f o r  t h i s  pro- 
gram because of t h e  d i f f i c u l t y  of maintaining t h e  d e s i r e d  product c o n t r o l .  
Consequently, a l l  subsequent e f f o r t  w a s  devoted t o  c a m  designs which d i d  n o t  
r e q u i r e  t h e  use of coa t ings  t o  o b t a i n  t h e  d e s i r e d  s u r f a c e  hardness ,  w i th  p r i -  
mary emphasis p l aced  upon o b t a i n i n g  s u i t a b l e  cam material t o  use wi th  a Haynes 
S t e l l i t e  6 B  fo l lower .  
Cycle t e s t i n g  of t h e  seal w a s  complicated by t h e  
use of t h e  hard-coated cam because of t h e  contamination generated by t h e  ha rd  
coat ing.  However, one u n i t  went through 10,000 N 0 cyc le s  with no appa ren t  
wear on the  seal. The lack of wear on t h e  seal s u r f a c e  a f t e r  10,000 cyc le s  
proved t h a t  t h e  theory of l i f t i n g  t h e  seal away from t h e  b a l l  provided a g r e a t l y  
extended seal l i f e  which w a s  t h e  o b j e c t i v e  of t h e  tes t  series. 
2 4  
(2) S ing le -Pos i t i on  Tests wi th  P ro to type  Hardware 
(a )  Oxidizer  C a r t r i d g e  Tests 
S u f f i c i e n t  hardware w a s  r ece ived  2 1  May 1969, 
t o  a l low t h e  start  of t h e  s i n g l e - p o s i t i o n  c a r t r i d g e  t e s t i n g  wi th  p ro to type  
hardware. The i n i t i a l  work c o n s i s t e d  of checking ou t  t h e  assembly shop a i d s  
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and t h e  assembly procedures .  The d e t a i l  p a r t s  f o r  a c a r t r i d g e  are shown i n  
F igure  7. The f i r s t  c a r t r i d g e  assembly was  prepared  27 May 1969. The assembled 
c a r t r i d g e  is  shown i n  F igures  8 and 9. ' 
The f i r s t  cyc le  tests were conducted wi th  t h e  
cams and fo l lowers  d r y ,  fol lowed by tests wi th  t h e  p a r t s  l u b r i c a t e d  wi th  
FS-1281 and S-122. Cycling wi th  t h e  dry ,  un lub r i ca t ed  c a m s  and fo l lowers  
r e s u l t e d  i n  no i sy ,  squeaky ope ra t ion ,  a r a p i d  i n c r e a s e  i n  s h a f t  to rque ,  t h e  
genera t ion  of  b l ack  d e p o s i t s ,  and sc ra t ched  hardware. C a m s  and fo l lowers  l u b r i -  
ca t ed  wi th  FS-1281 ope ra t ed  smoothly wi th  no n o i s e  and low torque.  
c y c l e s ,  ope ra t ion  w a s  s t i l l  smooth wi th  a moderate cam breakaway to rque  
i n c r e a s e  (from 43 t o  55 in . - lb) .  Because FS-1281 t ends  t o  wash o u t  i n  propel-  
l a n t  and t h i c k  coa t ings  w i l l  decompose and f l a k e  o f f ,  t h e  FS-1281 w a s  r ep laced  
by S-122 sp ray  l u b r i c a n t  f o r  a l l  subsequent  tests us ing  S t e l l i t e  6B and 
S t e l l i t e  19 cams and fo l lowers .  
A f t e r  500 
The o x i d i z e r  c a r t r i d g e  w a s  then  assembled wi th  
S t e l l i t e  19 cams and S t e l l i t e  6 B  fo l lowers ,  bo th  l u b r i c a t e d  wi th  FS-1281. 
S p e c i a l  t o o l i n g  w a s  f a b r i c a t e d  t o  f a c i l i t a t e  assembly. Wet c y c l e  t e s t i n g  w a s  
i n i t i a t e d  i n  t h e  components eva lua t ion  l a b o r a t o r y  on 12 June 1969. The torque  
and leakage r e s u l t s  are t a b u l a t e d  i n  F igures  10  and 11. 
I t  w i l l  be  noted  t h a t  t h e  test w a s  i n t e r r u p t e d  
a t  1500 cyc le s  due t o  an i n c r e a s e  i n  torque  ( see  F igure  l o ) .  Cam g a l l i n g  w a s  
suspec ted  as t h e  cause of t h e  torque  i n c r e a s e ;  however, upon disassembly,  t h e  
cams were found t o  be  i n  good condi t ion .  The cams were relapped and t e s t i n g  
resumed. Torque aga in  g radua l ly  inc reased  t o  a r e l a t i v e l y  cons t an t  value.  
These d a t a ,  which w e r e  subsequent ly  confirmed on succeeding tests, i n d i c a t e d  
t h a t  t h e  c a m  and fo l lowers  must be  "run in ' '  be fo re  reasonably  cons t an t  to rque  
va lues  can be  obtained.  
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The leakage and c y c l e  l i f e  c h a r a c t e r i s  t i c s  
shown i n  Figure 11 of 250 c c / h r  (maximum) i n  20,000 cyc le s  r ep resen ted  a s i g -  
n i f i c a n t  improvement over t h e  product ion valve. 
(b) Fuel  C a r t r i d g e  T e s t s  
A f u e l  c a r t r i d g e  w a s  a l s o  assembled and t e s t e d .  
The purpose of t h e  tests w a s  t o  demonstrate t h a t  dry cyc l ing  could b e  accom- 
p l i s h e d  p r i o r  t o  w e t  c y c l i n g  as had occurred w i t h  t h e  N 2 0 4  assembly and a l s o  t o  
e v a l u a t e  t h e  e f f e c t  of t he  inc reased  wiping a c t i o n  a s s o c i a t e d  wi th  t h e  f u e l  
c a m  (9 degrees  ve r sus  6 degrees  f o r  t h e  o x i d i z e r  cam). The r e s u l t s  of t h e s e  
tests are shown i n  Figures  12  and 13 .  It w i l l  be  noted t h a t  t h e  r e s u l t s  w e r e  
n o t  as good as those  obtained with t h e  o x i d i z e r  c a r t r i d g e  b u t  were s t i l l  s i g -  
n i f i c a n t l y  b e t t e r  t han  had been p o s s i b l e  w i t h  a n o n l i f t i n g  b a l l  seal. 
Following d ry  cyc l ing ,  water flow tests inc lud -  
i n g  K and seal b i t e  w e r e  conducted; no anona l i e s  w e r e  d i sc losed .  
W 
Ca r t r idge  t e s t i n g  w a s  terminated a t  t h i s  p o i n t  
because t h e  test r e s u l t s  had demonstrated conc lus ive ly  t h e  improved p o t e n t i a l  
of t h e  seal l i f t o f f  c a r t r i d g e  assembly and r ead iness  t o  commit t o  f u l l - s c a l e  
valve t e s t i n g .  
d. Optimized Design 
This  t a s k  c o n s i s t e d  of t h e  des ign  and d r a f t i n g  e f f o r t  
a s s o c i a t e d  wi th  t h e  a c t u a l  making of eng inee r ing  drawings, s p e c i f i c a t i o n s ,  etc.  
Seventy eng inee r ing  drawings w e r e  completed. Also included i n  t h i s  t a s k  cate- 
gory,  were t h e  f r i c t i o n  and wear tests of v a r i o u s  cam and fol lower materials 
which were conducted i n  t h e  materials l a b o r a t o r y  t o  back up t h e  s i n g l e - p o s i t i o n  
tests. The test s e t u p  could n o t  d u p l i c a t e  t h e  cam and fol lower cond i t ions  
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c l o s e l y  enough t o  g ive  q u a n t i t a t i v e  d a t a  on cyc le  l i f e  b u t  i t  d i d  provide  com- 
p a r a t i v e  d a t a  t o  i n d i c a t e  which material combination should  be  t h e  b e s t .  The 
combinations t e s t e d  and t h e i r  comparative r a t i n g s  are as fo l lows  : 
Specimen Materials 
Cam Follower 
Colmonoy 72 S t e l l i t e  6B 
S t e l l i t e  6B Tungs ten Carbide* 
S t e l l i t e  6B S t e l l i t e  19  
S t e l l i t e  6B Aluminum Oxide* * 
(99.5%) 
(99.9%) 
S t e l l i t e  6B Aluminum Oxide*;k;k 
S t e l l i t e  19 Tungs t e n  Carbide 
Rating Remarks 
Comparison Base Produced b l ack  
powder same as 
a c t u a l  c a m  tests 
F a i r  --- 
F a i r  
F a i r  
Better --- 
--- S up e r i  o r 
* Carboloy 320, a cemented ca rb ide  (General Electr ic  Company). 
** Wearbox 995, a cemented aluminum oxide (Western Gold & Plat inum Company), 
***Carboloy 0-30, a cemented aluminum oxide  (General E lec t r ic  Company). 
The tests showed t h a t  t h e  b e s t  r e s u l t s  would be  expected 
us ing  cams of  S t e l l i t e  19 and a fo l lower  w i t h  tungs ten  ca rb ide  c o n t a c t  s u r f a c e s  
bonded i n  p lace .  Rework of  e x i s t i n g  S t e l l i t e  6B fo l lowers  t o  b raze  tungs ten  
ca rb ide  i n s e r t s  t o  t h e  t i p s  w a s  completed; however, t h e s e  fo l lowers  were never  
t e s t e d  because of t h e  success  experienced wi th  t h e  S t e l l i t e  19 c a m  and 
S t e l l i t e  6B fo l lower  i n  t h e  c a r t r i d g e  tests. 
e. T e s t  P lan  
Three t es t  p l ans  w e r e  prepared and submit ted:  one f o r  
t h e  s ing le -pos i t i on  tests wi th  SPS hardware, one f o r  t h e  c a r t r i d g e  tests, and 
one f o r  t h e  two-bore valve assembly, which i s  inc luded  i n  t h e  Appendix. 
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f .  Valve Timing Rig S t u d i e s  
The o r i g i n a l  purpose of t h e s e  s t u d i e s  w a s  t o  i n v e s t i g a t e  
t h e  f e a s i b i l i t y  of a dev ice  f o r  t iming t h e  b i p r o p e l l a n t  valve a c t u a t i o n  system 
which would provide a s u b s t a n t i a l  r educ t ion  i n  t h e  t o t a l  number of valve b a l l  
c y c l e s  du r ing  bui ldup.  Because of t h e  e x c e l l e n t  cyc le  l i f e  c a p a b i l i t y  demon- 
s t r a t e d  by t h e  cam l i f t  seal, t h i s  dev ice  i s  no longe r  needed; consequent ly ,  
no e f f o r t  w a s  expended on t h i s  task.  
g. Design Guide 
A d r a f t  copy of a des ign  guide w a s  submitted i n  June 1969. 
The comments of t h e  NASA Technical  Monitor w e r e  r ece ived  i n  J u l y  1969 and were 
incorporated.  
h. Two-Bore Valve Tests 
(1) Assembly 
The "two-bore" valve tests were s o  named because t h e  
tests were conducted wi th  one-half of t h e  p ro to type  valve, i.e., one f u e l  and 
one o x i d i z e r  bore.  A photograph of t he  valve dur ing  test is  shown i n  Figure 14. 
This test c o n f i g u r a t i o n  w a s  s e l e c t e d  f o r  reasons of economy because t h e  s i n g l e -  
p o s i t i o n  tests had been more ex tens ive  than  o r i g i n a l l y  planned, and as a con- 
sequence, less funding was  a v a i l a b l e  f o r  t h e  f i n a l  test series. Desp i t e  t h i s  
change, l i t t l e  o r  no impact w a s  imposed upon t h e  t e c h n i c a l  o b j e c t i v e s  because 
t h e  components were s e l e c t e d  wi th  t h e  o b j e c t i v e  of o b t a i n i n g  in fo rma t ion  on t h e  
most promising cand ida te s  r e s u l t i n g  from t h e  s i n g l e - p o s i t i o n  tests, as shown 
i n  t h e  fo l lowing  table ' :  
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C a m  
Mat e r i  a1 
S t e l l i t e  19 
S t e l l i t e  19 
S t e l l i t e  '19 
S t e l l i t e  1 9  
Follower 
Material 
S t e l l i t e  19 
S t e l l i t e  6B 
S t e l l i t e  6 B  
S t e l l i t e  19 
(2)  T e s t  
Seal Type 
No. 1 - L i f t o f f  
No. 2 - L i f t o f f  
No. 3 - Bending 
No. 4 - L i f t o f f  
No. 1 - L i f t o f f  
No. 2 - L i f t o f f  
No. 3 - Bending 
No. 4 - L i f t o f f  
Bellows Type 
Toro ida l  (F igure  15) 
Convoluted (F igure  16)  
Convoluted 
Convoluted 




Tes t ing  s t a r t e d  i n  November 1969 wi th  500 d ry  cyc le s .  
re encountered i n  t h e  f u e l  c i r c u i t  due t o  removal of t h e  Tef lon  lub- 
r i c a n t  du r ing  a p r e t e s t  c l ean ing  wi th  a lcohol .  
Wet cyc le  t e s t i n g  s t a r t e d  i n  December 1969. A t  t h e  
completion o f  t h e  f i r s t  250 cyc le s ,  t h e  f u e l  h a l f  had excess ive  leakage  and w a s  
removed from t h e  o x i d i z e r  valve f o r  f a i l u r e  a n a l y s i s .  
The fo l lowing  condi t ions  were noted  upon teardown of  
t h e  f u e l  valve: a l l  cams and fo l lowers  were ga l l ed .  Ga l l ing  occurred  i n  t h e  
c e n t e r  p o r t i o n s  of t h e  load ing  s u r f a c e ,  and t h e  l u b r i c a n t  had been removed 
from t h e  load ing  s u r f a c e s  of  t h e  cams and fo l lowers .  
Rework of  t h e  f u e l  h a l f  cons i s t ed  of t h e  fol lowing:  
cams and fo l lowers  w e r e  re lapped  o r  r ep laced  as r equ i r ed .  A Microsea l  100-1 
coa t ing  w a s  app l i ed  t o  a l l  cams and fo l lowers  t o  reduce  t h e  c o e f f i c i e n t  of  
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f r i c t i o n  between cam and fol lower.  G l a s s - f i l l e d  Teflon b a l l  seals w e r e  
i n s t a l l e d  i n  t h e  No.  1 and 2 p o s i t i o n s .  
During t h e  f u e l  va lve  rework, an a d d i t i o n a l  500 
w e t  cyc le s  w e r e  conducted on the  o x i d i z e r  h a l f .  
The f u e l  valve w a s  r e i n s t a l l e d  on t h e  o x i d i z e r  h a l f ,  
and t e s t i n g  resumed wi th  an a d d i t i o n a l  500 w e t  cyc le s  on o x i d i z e r  and 500 d ry  
c y c l e s  on t h e  f u e l  valve. 
Add i t iona l  w e t  c y c l i n g  w a s  completed comprising a 
t o t a l  of 1500 w e t  cyc le s  on t h e  o x i d i z e r  h a l f  and 500 w e t  cyc le s  on t h e  f u e l  
h a l f .  Post-cycle check i n d i c a t e d  e x c e s s i v e  leakage p a s t  t h e  No. 3 and 4 f u e l  
b a l l  seals and a l s o  p a s t  t h e  No. 3 o x i d i z e r  seal. 
Pos t -cycle  leakage,  f u n c t i o n a l  , t iming and seal 
backpressure r e l i e f  d a t a  are shown i n  sequence i n  F igu res  1 7  through 21. 
(3) P o s t  tes t Teardown 
The fo l lowing  cond i t ions  w e r e  observed du r ing  post-  
wet-cycle teardown and eva lua t ion .  
Fue l  Cams and Followers - A l l  p a r t s  showed s i g n s  of 
severe wear and g a l l i n g  i n  t h e  c e n t e r s  as shown i n  
F igu re  22. There w a s  no i n d i c a t i o n  of l u b r i c a n t  
on t h e  load ing  s u r f a c e s .  The Microseal  w a s  removed 
from t h e  worn areas. 
Ox id ize r  C a m s  and Followers - Minor wear similar t o  
t h a t  shown i n  F igu re  23 w a s  no ted  on a l l  p a r t s .  
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Some l u b r i c a n t  (very l i t t l e )  remained on t h e  load- 
i n g  s u r f a c e s .  The minor wear w a s  i n  t h e  c e n t e r s  of 
t he  cams and fol lowers .  
Fuel  B a l l  Seals 
No. 1 - No v i s i b l e  damage 
No. 2 - Small p i e c e  of metal on s e a l i n g  s u r f a c e  
(probably from c a m s  and fo l lowers )  
No .  3 - Minor s c r a t c h e s  and small metal ch ips  on 
s e a l i n g  s u r f  ace 
No.  4 - Minor s c r a t c h e s  
Oxidizer  B a l l  S e a l s  
No. 1 - Minor s c r a t c h e s  
No. 2 - Minor s c r a t c h e s  
No. 3 - No appa ren t  damage 
No. 4 - Three deep s c r a t c h e s  on s e a l i n g  s u r f a c e s  
There w a s  no v i s i b l e  i n d i c a t i o n  of wear o r  damage 
on the  a c t u a t o r  components, d r i v e  gea r s ,  s h a f t s ,  or  s h a f t  s ea l  components. 
2. Conclusions and Recommendations 
The b a s i c  conclusion of t h e  e f f o r t  i s  t h a t  t h e  modular bipro-  
p e l l a n t  valve assembly concept w i th  cam-lifted seals i s  d e f i n i t e l y  f e a s i b l e .  
The concept of t h e  modular cam-lif t e d  s ea l  design i s  considered adequately 
demonstrated and any f u r t h e r  e f f o r t  would be of a design refinement category. 
The two-bore va lve  a c t u a t o r s  and a s s o c i a t e d  gear ing performed s a t i s f a c t o r i l y  
du r ing  t e s t i n g .  Those areas which would r e q u i r e  f u r t h e r  development t o  meet 
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a l l  t h e  des ign  o b j e c t i v e s  are development of t h e  f u e l  cams and cam fo l lowers  
t o  prevent  g a l l i n g  i n  AeroZINE 50 and development of an improved upstream seal 
design and/or  u se  of a f i l l e d  Teflon seal  material t o  minimize seal f l a k i n g .  
The b a s i c  conclusion is s u b s t a n t i a t e d  by several subord ina te  
conclusions i n  t h e  fo l lowing  areas : 
a. S e a l i n g  
(1) The l i f t e d  seal concept r e s u l t s  i n  a s i g n i f i c a n t  
improvement i n  both l i f e  and s e a l i n g  c a p a b i l i t y  over t h e  SPS rubbing sea l  
design because of i t s  reduced c o n t a c t  t i m e  and inc reased  s e a t i n g  loads.  
(2) Axial  seal displacement i s  p r e f e r a b l e  t o  t h e  bending 
seal concept because t h e  l o a d  on t h e  cam i s  reduced and t h e  seal  i s  n o t  deformed. 
Some permanent deformation and r e s u l t a n t  l o s s  i n  s e a l i n g  c h a r a c t e r i s t i c s  prob- 
ab ly  occurs  due t o  bending. The No. 3 seal, bending type ,  d i d  n o t  perform 
s a t i s f a c t o r i l y  du r ing  two-bore valve t e s t i n g .  T e s t  r e s u l t s  demonstrated 
s u p e r i o r  performance of downstream seals. Development of an improved upstream 
seal through t h e  use of a redesigned bellows o r  f i l l e d  Teflon seal material is  
one of t h e  two primary ou t s t and ing  design ref inements .  F i l l e d  Teflon seals 
t h a t  would be considered f o r  e v a l u a t i o n  would i n c l u d e  calcium f l u o r i d e ,  boron 
n i t r i d e ,  carbon and g r a p h i t e ,  and b o r o s i l i c a t e  g l a s s .  
( 3 )  Dual b a l l  seals add t o  r e l i a b i l i t y ,  b u t  a l s o  add 
complexity and cos t .  Tradeoff s t u d i e s  would be r e q u i r e d  f o r  s p e c i f i c  app l i ca -  
t i o n  b e f o r e  committing t o  e i t h e r  t h e  s i n g l e  or  redundant seal concept.  
( 4 )  Addi t iona l  e f f o r t  i s  r e q u i r e d  t o  e s t a b l i s h  run-in 
procedures.  Tests wi th  both the  o x i d i z e r  and f u e l  c a r t r i d g e s  showed a reduc- 
t i o n  i n  l e a k  rate a f t e r  t h e  i n i t i a l  c y c l i n g ,  l e a d i n g  t o  t h e  conclusion t h a t  
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run-in c y c l e s  should be accomplished as a p a r t  of t h e  assembly procedure p r i o r  
t o  acceptance test, 
valve assembly d i d  n o t  provide t h e  d e s i r e d  r e s u l t s ,  i n d i c a t i n g  f u r t h e r  develop- 
ment of t h e  run-in procedures  i s  necessary.  Run-in c y c l e  rate i s  cr i t ical .  
The leakage r e s u l t s  ob ta ined  wi th  t h e  o x i d i z e r  c a r t r i d g e  assemblies  when com- 
pared with those  obtained wi th  f u e l  c a r t r i d g e  i n d i c a t e  t h a t  t he  s l i g h t l y  longe r  
rubbing i n t e r v a l ,  e.g., 6 degree o x i d i z e r  ve r sus  11 degree f u e l ,  r e s u l t s  i n  a 
marked decrease i n  t h e  number of cyc le s  b e f o r e  Teflon b u i l d s  up on t h e  b a l l  and 
excess ive  leakage is experienced. Based on t h e  s i n g l e - p o s i t i o n  test  r e s u l t s ,  
t h e  ALRC Material Department recommended a reduced c y c l e  ra te  from t h e  6 c y c l e s /  
min t o  approximately 2 cycles/min t o  reduce t h e  temperature  bui ldup which i s  
hypothesized as t h e  cause of t he  premature f a i l u r e  of t h e  o x i d i z e r  seals a f t e r  
only 2000 d r y  cyc le s .  
mately 0.5 sec throughout t h e  program. 
However, t h e  run-in cyc l ing  accomplished on t h e  two-bore 
Opening and c l o s i n g  ra tes  remained unchanged a t  approxi- 
(5) I n i t i a l  run-in of cams i s  c r i t i ca l  and a l i g h t  f i l m  
of Teflon i s  b e n e f i c i a l  wh i l e  t h e  cams and fo l lowers  are s e a t i n g  i n .  The run-in 
methods used t o  d a t e  do n o t  provide s u f f i c i e n t  c o n t a c t  between t h e  cams and cam 
fo l lowers  and, i n  t h e  case of f u e l  valve c a r t r i d g e s ,  t h i s  reduced c o n t a c t  area 
l eads  t o  excess ive  cam and cam fo l lower  g a l l i n g  du r ing  va lve  c y c l i n g  wi th  pro- 
p e l l a n t s .  The combination of a S t e l l i t e  19 cam and S t e l l i t e  19 cam fol lower 
appears t o  b e  t h e  most r e s i s t a n t  t o  wear and g a l l i n g  du r ing  va lve  cyc l ing .  
However, f u r t h e r  i n v e s t i g a t i o n  must be made i n t o  t h e  f e a s i b i l i t y  of l app ing  
t h e  cam t o  t h e  c a m  f o l l o w e r ,  r e s u l t i n g  i n  matched set usage. 
cam c o n t a c t  area i s  a v a i l a b l e  and development of a l u b r i c a n t  o r  a n t i g a l l i n g  
material remains as a d e s i r e d  d e s i g n  ref inement  f o r  AeroZINE 50 s e r v i c e .  
Assuring adequate 
b. Assembly 
Assembly procedures  must b e  r e f i n e d .  An excess ive  number 
of b u i l d s  have been r e q u i r e d  p r i o r  t o  o b t a i n i n g  r e q u i r e d  leak rates.  This  i s  a 
t y p i c a l  development problem which can only be so lved  by i n c r e a s e d  f a m i l i a r i t y  
with t h e  hardware and t h e  e v o l u t i o n  of improved assembly methods and too l ing .  
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B. CRYOGENIC PROPELLANT PHASE 
1. Design S e l e c t i o n  
The valve design,  shown i n  F igu re  24, w a s  designed t o  s a t i s f y  
c r i te r ia  i n d i c a t e d  i n  F igu re  25. 
a n t i c i p a t e d  ground and f l i g h t  test requirements.  
r e q u i r e  t h e  valve t o  flow l i q u i d  hydrogen o r  oxygen and ground t e s t i n g  w i l l  
u t i l i z e  gaseous p r o p e l l a n t s .  
r e f l e c t s  engine test f a c i l i t y  requirements.  I n  f l i g h t ,  t h e  i n l e t  p r e s s u r e  
cond i t ion  would b e  approximately 700 p s i g .  This  cond i t ion  r e s u l t s  i n  a t r ade -  
o f f  w i th  r e s p e c t  t o  valve s i z e  and p r e s s u r e  drop. S i z i n g  f o r  t h e  valve design 
was  de f ined  by t h e  r e q u i r e d  LH2 and LO2 f l o w r a t e  o f  2.52 l b / s e c  and 15.08 l b / s e c ,  
r e s p e c t i v e l y , w i t h  a p r e s s u r e  drop of 25 p s i .  
design i s  8000 l b .  The 25-psi p r e s s u r e  drop,  when flowing l i q u i d ,  is  
equ iva len t  t o  a 200 t o  300 p s i  d i f f e r e n t i a l  when u s i n g  gaseous hydrogen and 
oxygen. The e q u i v a l e n t  o r i f i c e  s i z e  of t h e  valve requ i r ed  w a s  determined t o  
b e  1.25 i n .  
These cr i ter ia  r e p r e s e n t  a compromise between 
F l i g h t  a p p l i c a t i o n s  w i l l  
The h igh  valve i n l e t  p r e s s u r e  o f  1600 p s i  
The t h r u s t  level of t h e  engine 
Because o f  valve s i z e ,  design s i m p l i c i t y ,  h igh  c y c l e  l i f e ,  
and e x c e l l e n t  s e a l i n g  c h a r a c t e r i s t i c s  t h e  poppet w a s  s e l e c t e d  as t h e  s h u t o f f  
element. The poppet s h a f t  and a c t u a t o r  p i s t o n  dynamic seals chosen were a 
RACO Te f lon - j acke ted  spr ing-loaded seal (RACO b a s i c  PN 10062 and 10066). This 
type of seal uses  a U-shaped s p r i n g  encased wi th  a U-shaped Teflon j a c k e t .  
The s p r i n g  i s  designed t o  apply continuous load  and e l i m i n a t e  t h e  co ld  flow 
and dimensional i n s t a b i l i t y  problems a s s o c i a t e d  w i t h  Teflon. There are no 
gaps i n  t h e  l o a d  app l i ed  t o  t h e  j a c k e t  as are encountered w i t h  o t h e r  Teflon 
seals us ing  a ga r t e r - type  s p r i n g .  
s e a l i n g  method would have been a metal bellows. This  approach w a s  r e j e c t e d  
because one o f  t h e  o b j e c t i v e s  of t h i s  program w a s  t o  determine i f  an accep tab le  
s u b s t i t u t e  t o  a bellows w a s  a v a i l a b l e ,  
Another more convent ional  choice o f  a 
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The main s h u t o f f  seal  c o n f i g u r a t i o n  s e l e c t e d  f o r  t h e  primary 
design w a s  a Kel-F compression-molded poppet on a s t a i n l e s s  p i n t l e .  
method of s e c u r i n g  a p l a s t i c  poppet t o  i t s  p i n t l e  has  been s u c c e s s f u l l y  used 
on o t h e r  valve programs, i . e . ,  T i t a n  I and Post-Boost Propuls ion Systems. 
This  
The t h r e e  b a s i c  s e l e c t i o n s  f o r  an a c t u a t i o n  system are 
hydrau l i c ,  e lectr ic ,  and pneumatic. For purposes o f  t h i s  program and g iv ing  
weight t o  test s t a n d  a p p l i c a t i o n ,  a pneumatical ly  a c t u a t e d  p i s t o n  wi th  r e t u r n  
c l o s i n g  s p r i n g s  w a s  s e l e c t e d .  This method a f f o r d s  a f a i l - s a f e  c a p a b i l i t y ,  
a b i l i t y  t o  vary va lve  response t i m e  without  r edes ign ,  and minimizes t h e  
temperature e f f e c t  on t h e  a c t u a t i o n  media. A photograph of t h e  components 
comprising t h e  a c t u a t i o n  system i s  included i n  Figure 2 6 .  
Shutoff c o n t r o l  and s e a l i n g  i s  achieved by t h e  molded poppet 
c o n t a c t i n g  an angled s t a i n l e s s  steel  seat. The seat i s  a body i n s e r t  s o  t h a t  
d i f f e r e n t  c o n f i g u r a t i o n s  could b e  t e s t e d .  Poppet-to-seat l oad ,  174 l b ,  i s  
c o n t r o l l e d  by two Bellevil le s p r i n g  washers contained w i t h i n  t h e  a c t u a t o r  
p i s t o n .  The seat  load i s  independent o f  t h e  va lve  c l o s i n g  s p r i n g  fo rce .  
Poppet-to-seat con tac t  travel i s  c o n t r o l l e d  by a gap between t h e  s h a f t  n u t  
and s p r i n g  guide.  This i s  shown i n  Figure 24.  
The poppet guide w a s  designed t o  provide uniform d i s t r i b u t i o n  
of f o r c e s  r e s u l t i n g  from t h e  supply p r e s s u r e  and flow media. This w a s  
accomplished by p l a c i n g  t h r e e  evenly spaced l.OO-in.-dia h o l e s  i n  t h e  poppet 
guide,  none of which was a l igned  wi th  t h e  va lve  i n l e t  p o r t ( s e e F i g u r e  2 4 ) .  
Valve poppet s t r o k e  w a s  designed t o  b e  0.500 i n .  and i s  c o n t r o l l e d  by the  
d i s t a n c e  between t h e  s p r i n g  guide and t h e  a c t u a t o r  cover s h a f t  guide ( s e e  
Figure 2 4 ) .  
s h a f t  guide. 
The s t r o k e  may b e  inc reased  by reducing t h e  l e n g t h  of t h e  cover 
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During an opening sequence, a c t u a t i o n  p r e s s u r e  is  admit ted 
through t h e  a c t u a t o r  i n l e t  p o r t .  
between 250 and 300 p s i g .  
comes i n  c o n t a c t  w i t h  t h e  a c t u a t o r  cover. Poppet motion starts when t h e  gap 
between t h e  s h a f t  n u t  and s p r i n g  guide i s  taken up. I n  c l o s i n g ,  t h e  p i s t o n  
c a v i t y  i s  vented u n t i l  t h e  c l o s i n g  s p r i n g  f o r c e  is  g r e a t e r  than t h e  p r e s s u r e  
f o r c e  t h a t  h o l d s  t h e  valve open. The s p r i n g s  then push t h e  s p r i n g  guide and 
p i s t o n  u n t i l  t h e  p i s t o n  comes i n  con tac t  w i th  t h e  valve body. F i n a l  poppet/ 
seat load ing  i s  then  a p p l i e d  by t h e  Bellevil le washers a c t i n g  on t h e  poppet 
s h a f t  shoulder .  
The r e q u i r e d  p r e s s u r e  t o  start motion i s  
The p i s t o n  and s p r i n g  guide move u n t i l  t h e  guide 
A t  t h e  completion o f  t h e  i n i t i a l  10,000 l i q u i d  n i t r o g e n  
cyc le s  a b r i e f  redesign of t h e  valve poppet and s h a f t / p i s t o n  dynamic seals 
w a s  i n i t i a t e d .  It w a s  decided t h a t  an a d d i t i o n a l  poppet material would b e  
eva lua ted  and t h e  conf igu ra t ion  of t h e  dynamic seals would b e  changed from 
RACO t o  Delta. 
which w a s  secured and loaded i n  p o s i t i o n  by a b o l t  
This is  shown i n  Figure 27. The valve body, p i s t o n ,  and s p r i n g  guide were 
modified and a d d i t i o n a l  p o r t s  made t o  a l low use o f  t h e  Delta dynamic seals. 
The Delta seal c o n f i g u r a t i o n  used i s  a g r a p h i t e - f i l l e d  Teflon seal r i n g  which 
is  loaded both a x i a l l y  and r a d i a l l y  by .a wedge r i n g .  The load ing  f o r c e  i s  a 
r e s u l t  of h e l i c a l  s p r i n g s  p l aced  around t h e  circumference of t h e  wedge r i n g .  
A c ros s - sec t ion  of a t y p i c a l  Delta seal i n s t a l l a t i o n  i s  shown i n  F igu re  28. 
A poppet assembly w a s  modified t o  c o n t a i n  a Teflon i n s e r t  
a t t a c h e d  t o  t h e  p i n t l e .  
A l i s t i n g  o f  t h e  source o f  t h e  valve components i s  shown 
i n  F igu re  29. 
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2 .  Procurement and F a b r i c a t i o n  
Components f o r  assembling two complete valves p l u s  s p a r e s  
w e r e  procured. P i l o t  valves, considered adequate f o r  test purposes ,  were 
a v a i l a b l e ,  
r equ i r ed  t h a t  Delta seal  assemblies  and s p a r e  seals be purchased. 
The r edes ign  e f f o r t ,  a t  t h e  midpoint of t h e  t es t  program, 
3. Assembly 
Assembly of one valve f o r  t e s t i n g  s t a r t e d  du r ing  t h e  f i r s t  
Photographs of t h e  r equ i r ed  components are shown i n  week o f  December 1970. 
Figure 26. 
and s p r i n g  guide o f  t h e  o t h e r  va lve ,  n o t  p rev ious ly  assembled, were modified 
f o r  t h e  Delta sea l  conf igu ra t ion .  
Upon completion of t h e  i n i t i a l  10,000 c y c l e s  t h e  body, p i s t o n ,  
4 .  T e s t i n g  
The component t es t  program w a s  i n i t i a l l y  d i r e c t e d  t o  demon- 
s t r a t i o n  o f  t h e  valve f u n c t i o n a l  and flow c a p a b i l i t i e s  p r i o r  t o  use  f o r  
engine t e s t i n g .  The test  p l a n  c o n s i s t e d  of a p roof ,  l e a k ,  f u n c t i o n a l ,  100 dry 
cyc le s ,  10,000 l i q u i d  n i t r o g e n  c y c l e s ,  h y d r a u l i c  K de t e rmina t ion ,  and minimum 
response t e s t i n g .  
b e  repeated t o  e v a l u a t e  a d i f f e r e n t  poppet material and Delta dynamic s h a f t /  
p i s t o n  seals. The d e t a i l e d  test p l an  i s  shown i n  t h e  appendix. 
W 
I n  a d d i t i o n ,  t h e  10,000 l i q u i d  n i t r o g e n  cyc le  test  would 
Major c a t e g o r i e s  comprising t h e  test program are d e t a i l e d  
as fol lows:  
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a. D r y  Cycling 
Upon completion of t h e  i n i t i a l  proof and l e a k  checks,  
t h e  valve assembly (RACO dynamic seals and a Kel-F poppet) w a s  s u b j e c t e d  t o  
100 dry c y c l e s  wi th  30 p s i g  supp l i ed  t o  t h e  valve i n l e t  p o r t .  
t i m e  w a s  e s t a b l i s h e d  a t  0.150 - + 0.030 scc opening and 0.100 - + 0.040 sec 
c l o s i n g  by o r i f i c i n g  t h e  p i l o t  valve.  
determine i f  t h e r e  w a s  any degradat ion o f  poppet and dynamic seals. 
checks o f  t h e  poppet and dynamic seals were conducted a t  t h e  completion o f  
1 0 ,  50, 75, and 100 cyc le s .  T e s t  p r e s s u r e s  were 10 ,  30, and 700 p s i g  GHe. 
The f r o n t  main s h a f t  seal and a c t u a t o r  p i s t o n  seals i n d i c a t e d  leakage a t  
700 p s i g  and a t  a l l  test p o i n t s  o f  t h e  100 cyc le s .  
dec reas ing  f o r  each seal. 
t h e  end of 10 cyc le s  and 60 cc/lO min a t  100 cyc le s .  
leaked 8 cc/lO min a t  t h e  conclusion of t h e  f i r s t  10 cyc le s  and 3.5 cc/lO min 
a t  100 cyc le s .  
a p p l i c a t i o n s  because o f  a wearing-in p rocess  of t h e  seal. 
i n  Figure 30. This test  w a s  n o t  r epea ted  wi th  t h e  Delta seals o r  t h e  Teflon 
poppet * 
Valve response 
The purpose of t h e  c y c l i n g  w a s  t o  
Leak 
The leakage t r e n d  w a s  
The f r o n t  s h a f t  seal l eaked  90 cc/lO min GHe a t  
The p i s t o n  seals 
This i s  considered t o  b e  a normal p a t t e r n  i n  some valve 
Data are p resen ted  
b . Low-Temperature Cycl ing 
(1) RACO S e a l s  
This  test  phase w a s  conducted i n  two p a r t s ,  t h e  
f i r s t  be ing  w i t h  RACO dynamic seals and a Kel-F poppet and t h e  second wi th  
Delta seals and a Teflon poppet.  Low-temperature c y c l i n g  w a s  accomplished 
by applying 700-psig LN2 (approximately -290'F) t o  t h e  va lve  i n l e t  and c y c l i n g  
i t  10,000 t i m e s  a t  t h e  r e q u i r e d  response t i m e .  A hand valve downstream of t h e  
OME valve regu la t ed  t h e  LN2 discharge.  A photograph o f  t h e  test s e t u p  is  
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shown i n  F igu re  31. Leak checks of t h e  poppet,  dynamic, and s t a t i c  seals, a t  
30 and 700 p s i g  GHe, were conducted a t  t h e  conclusion of 100,  500, 1000, 3000, 
5000, 7000, and 10,000 cyc le s .  The poppet d i d  n o t  l e a k  du r ing  any of t h e  
post-cycle  l e a k  checks. 
leakage a t  each test p o i n t .  
w a s  n o t  e s t a b l i s h e d .  
changes w i t h i n  t h e  valve assembly due t o  t i m e  v a r i a t i o n  between end of c y c l i n g  
and start o f  l e a k  checks. 
0 cc /h r  GHe t o  20,000 c c / h r ,  a t  30 p s i g ,  throughout t h e  10,000 cyc le s .  The 
rear s h a f t  seal leakage w a s  from 0 cc /h r  GHe t o  3740 c c / h r  a t  30 p s i g .  
seals ranged from 0 c c / h r  GHe t o  13,350 c c / h r  at 30 ps ig .  
p o i n t s  are p resen ted  i n  F igu re  32. 
A l l  o f  t h e  dynamic s h a f t  and p i s t o n  seals i n d i c a t e d  
A t r e n d  i n  leakage rates f o r  t h e  dynamic seals 
Rates were erratic and probably t h e  r e s u l t  of temperature  
The f r o n t  main s h a f t  seal leakage ranged from 
P i s t o n  
Data a t  a l l  test  
The dynamic seal leakage i s  a t t r i b u t e d  t o  seal 
shr inkage away from i t s  s e a l i n g  s u r f a c e .  This i s  s u b s t a n t i a t e d  because t h e  
leakage rates re tu rned  t o  w i t h i n  accep tab le  limits during p o s t  10,000 c y c l e s  
ambient temperature l e a k  checks. 
A manual f u n c t i o n a l  tes t  w a s  conducted i n t e r m i t t e n t l y  
throughout t h e  cyc l ing  program. The purpose of t h i s  test w a s  t o  determine 
changes i n  a c t u a t o r  f o r c e  requirements which would i n d i c a t e  f r i c t i o n  
v a r i a t i o n s .  P res su re  t o  open and c l o s e  t h e  va lve  w a s  accomplished manually 
wi th  t h e  p i l o t  valve open. The p r e s s u r e  p o i n t  a t  which t h e  va lve  would start  
motion and achieve f u l l  open w a s  observed v i s u a l l y  and from o s c i l l o g r a p h  
records.  
A t  t h e  end of 5720 LN2 c y c l e s ,  t h e  po ten t iome te r  
o s c i l l o g r a p h  trace w a s  noted t o  b e  e r r a t i c  w i th  i n d i c a t i o n s  t h a t  t h e  va lve  w a s  
n o t  going t o  open. Tes t ing  was terminated and t h e  va lve  p a r t i a l l y  disassembled 
f o r  i n s p e c t i o n .  There w a s  no apparent  evidence of g a l l i n g ,  b ind ing ,  o r  r e s i d u a l  
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moisture  from ice  which may have prevented t h e  valve from opening. The 
po ten t iome te r  w a s  then checked a t  low temperature  and i t  w a s  found t o  become 
errat ic  a t  -50'F and p r o g r e s s i v e l y  worse wi th  dec reas ing  temperature.  
n o t  determined whether t h i s  po ten t iome te r  o r  t h e  design w a s  inadequate .  
cont inue t e s t i n g ,  t h e  po ten t iome te r  w a s  mounted o u t s i d e  o f  t h e  a c t u a t o r  cover 
on an ex tens ion  tube.  The potent iometer  w a s  connected t o  t h e  valve s h a f t  by 
an extension.  A Teflon i n s u l a t o r  w a s  a l s o  p l aced  between t h e  a c t u a t o r  cover 
and t h e  ex tens ion  t u b e  t o  l i m i t  h e a t  t r a n s f e r .  T e s t i n g  continued wi thou t  
f u r t h e r  problems. 
It w a s  
To 
(2) Delta S e a l s  
The 10,000 LN cyc le s  were r epea ted  us ing  Delta 2 
dynamic seals and a p a r t i a l l y  encapsulated Teflon poppet.  
w a s  conducted i n  t h e  same manner as the  i n i t i a l  10,000 cyc le s .  The poppet 
leakage a t  t h e  end of t h e  f i r s t  100 LN2 c y c l e s  w a s  800 c c / h r  GHe at 30 p s i g  
and 150 c c / h r  a t  700 p s i g .  
1000 cyc le  checks. 
150,000 c c / h r  a t  30 p s i g  and 17,350 c c / h r  a t  700 p s i g .  
t o  zero a t  t h e  end of 7000 c y c l e s  and then leaked 800 c c / h r  
t h e  conclusion of 10,000 cyc le s .  Leakage a t  700 p s i g ,  a f t e r  10,000 c y c l e s ,  
w a s  zero.  A t  ambient temperature ,  t h e r e  w a s  no leakage p a s t  t h e  poppet. 
There w a s  one i n s t a n c e  of poppet leakage which w a s  a t t r i b u t e d  t o  contamination, 
probably of a n o n - r e c u r r i n g  na tu re .  
This c y c l i n g  test 
Leakage r e tu rned  t o  zero du r ing  t h e  p o s t  500 and 
A t  t h e  conclusion of 5000 c y c l e s ,  t h e  leakage w a s  
The leakage r e tu rned  
a t  30 p s i g  a t  
Delta seal leakage rates, du r ing  t h e  second 
10,000 cyc le  series, w e r e  s i g n i f i c a n t l y  less than  t h e  dynamic RACO seals. 
p i s t o n  seal leakage rate, 80,000 c c / h r  GHe a t  700 p s i g  noted du r ing  p o s t  
500 cyc le  tests, w a s  t h e  most severe leakage encountered. 
c y c l e  ambient l e a k  tests, t h e r e  w a s  no leakage p a s t  any of t h e  Delta seals. 
Leak test r e s u l t s  are shown i n  Figure 33. 
The 
During p o s t  10,000 
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111, B y  Cryogenic P r o p e l l a n t  Phase ( con t . )  
The improved s e a l i n g  c h a r a c t e r i s t i c s  o f  t h e  Delta 
seal as compared t o  t h e  RACO seal are due t o  a h a r a e r  seal material, g raph i t e -  
f i l l e d  Teflon, and more uniform r a d i a l  loading.  Most s i g n i f i c a n t  i s  t h e  
wedge r i n g  of t h e  Delta seal assembly. 
shown i n  F igu re  28. This  r i n g  a p p l i e s  t h e  a x i a l  and r a d i a l  f o r c e s  t o  t h e  seal 
r i n g  r e s u l t i n g  from h e l i c a l  s p r i n g s  around t h e  circumference of t h e  wedge r i n g .  
Depending on seal usage temperature , p r e s s u r e ,  and media, t h e  wedge ang le  
may b e  changed t o  f i t  t h e  conf igu ra t ion .  The seal assemblies  used on t h i s  
program were procured wi th  a nominal 45 degree wedge angle.  
b e  inc reased  t o  56 degrees wi th  a r e s u l t a n t  i n c r e a s e  t o  t h e  r a d i a l  f o r c e  
component and a corresponding decrease i n  t h e  a x i a l  component. T e s t  d a t a  
i n d i c a t e  less leakage wi th  Delta seals and t h i s  leakage i s  a l s o  t h e  r e s u l t  o f  
seal sh r inkage  away from t h e  s e a l i n g  s u r f a c e .  This is  confirmed by t h e  
leakage rate r e t u r n i n g  t o  zero during ambient checks. 
had been g r e a t e r  than 45 degrees ,  then t h e  leakage ra te  should have improved 
accordingly.  
A t y p i c a l  Delta seal i n s t a l l a t i o n  i s  
This ang le  may 
I f  t h e  wedge ang le  
c. Water Flow T e s t s  
Water flow tests were conducted t o  a s c e r t a i n  t h a t  t h e  
va lve  meets t h e  design c r i t e r i a ,  and t o  determine t h e  h y d r a u l i c  G. 
W K =  
W 
JAP S . G .  
Valve r e s i s t a n c e  (K ) w a s  determined a t  v a r i o u s  increments of va lve  opening 
wi th  a f u l l  open va lue  of 3 . 7 2 .  With a AP of 16 p s i  t h e  f lowra te  w a s  16 l b l s e c .  
P l o t s  o f  K 
p re sen ted  i n  Figures  34 and 3 5 .  
W 
versus  pe rcen t  o f  va lve  opening and AP v e r s u s  f lowra te  are 
W 
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d. Minimum Response T e s t i n g  
Minimum response tests were conducted t o  determine t h e  
f a s t e s t  valve poppet travel b o t h  moving open and closed.  The f a s t e s t  t i m e s  
achieved were 0.007 sec opening and 0.035 c los ing .  
a t t a c h i n g  a Marot ta  p i l o t  valve ( e q u i v a l e n t  o r i f i c e  s i z e  = 0.190 i n . )  
d i r e c t l y  t o  t h e  a c t u a t o r  i n l e t  p o r t .  The supply p r e s s u r e  corresponding t o  t h e  
f a s t e s t  t i m e s  w a s  800 p s i g  GHe. Test d a t a  are shown i n  F igure  36. 
This was accomplished by 
e. Valve Disassembly and Component Inspec t ion  
Component i n s p e c t i o n  w a s  performed a t  t h e  conclusion of 
t h e  i n i t i a l  100 dry c y c l e s ,  5720 LNZ c y c l e s  of t h e  f i r s t  10,000 c y c l e  t es t ,  
and a t  t h e  conclusion of each 10,000 cyc le  test series. A l l  components were 
observed v i s u a l l y  f o r  apparent  damage and wear. 
examined u s i n g  a 20X microscope. 
Seals and poppets were 
The poppet guide Armalon b e a r i n g  s u r f a c e  i n d i c a t e d  heavy 
wear on t h e  s i d e  of t h e  b e a r i n g  ad jacen t  t o  t h e  valve i n l e t  p o r t .  
i n d i c a t i o n s  t h a t  t h e  s p r i n g  guide w a s  be ing  fo rced  o v e r  t o  one s i d e  of t h e  
valve body by t h e  two s p r i n g s .  The i n d i c a t i o n  noted w a s  g r a p h i t e  material 
rubbed i n t o  one s i d e  o f  t h e  s p r i n g  guide.  
body s u r f a c e  from wear of t h e  p i s t o n  OD seal. 
forced s l i g h t l y  t o  one s i d e ,  then t h e  r e s u l t  might have been t h e  poppet s h a f t  
rubbing hard on one s i d e  of t h e  Armalon bea r ing .  
r e s u l t s  are shown i n  F igu re  37. 
There were 
The g r a p h i t e  i s  depos i t ed  on t h e  
I f  t h e  s p r i n g  guide w a s  being 
T e s t  p o i n t s  and i n s p e c t i o n  
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5 .  Conclusions 
A l l  o b j e c t i v e s  of t h e  OME valve program have been s a t i s f i e d  
t o  t h e  e x t e n t  of des ign ,  f a b r i c a t i o n ,  t e s t i n g ,  and eva lua t ion .  The valve, 
however, does n o t  m e e t  a l l  o f  t h e  a r b i t r a r y  design goa l s  e s t a b l i s h e d  on 
30 June 1970. 
Leakage p a s t  t h e  s h a f t  and p i s t o n  seals, RACO and Delta, 
exceeds t h e  100 s c c / h r  maximum l i m i t .  The Kel-F compression-molded poppet 
d i d  n o t  l e a k  du r ing  any p o r t i o n  of t h e  test  program. 
conf igu ra t ion  would n o t  be adequate i n  t h i s  a p p l i c a t i o n  because o f  s ea t /poppe t  
The Teflon poppet 
loading l o s s  due t o  low temperature and material cold flow. 
6. Recommendations 
Add i t iona l  d a t a  should be ob ta ined  on t h e  molded Kel-F poppet 
and t h e  method of seat load ing  wi th  B e l l e v i l l e  s p r i n g  washers. 
determined would b e  t h e  minimum load  r e q u i r e d  t o  e f f e c t  an adequate seal and 
load  v a r i a t i o n ,  i f  any, w i th  i n c r e a s i n g  cyc le s  and low temperature.  Add i t iona l  
t e s t i n g  should a l s o  b e  conducted t o  determine t h e  l i f e  cyc le  of t h e  Kel-F 
poppet a t  cryogenic  temperatures.  An upper l i m i t  i n  excess  o f  100,000 cyc le s  
does n o t  appear unreasonable from t h e  a v a i l a b l e  test d a t a .  
Also t o  b e  
The poppet s h a f t  and a c t u a t o r  p i s t o n  Delta seals should be 
f u r t h e r  evaluated.  P r i o r  t o  t h i s  e v a l u a t i o n ,  t h e  design c r i t e r i a  f o r  each 
seal a p p l i c a t i o n  would b e  analyzed with r e s p e c t  t o  seal material, s u r f a c e  
f i n i s h e s  o f  mating p a r t s ,  amount of shr inkage a t  cryogenic  temperature ,  v e l o c i t y  
of moving p a r t s ,  amount of l oad  r equ i r ed  ( a x i a l  and r a d i a l )  t o  e f f e c t  a good 
seal, and seal material hardness  a t  low temperature.  
t h e  Delta seal assembly would be changed accordingly t o  compensate f o r  a n t i c i p a t e d  
material p rope r ty  changes encountered a t  cryogenic  temperatures .  
The wedge ang le  of 
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F r i c t i o n  tests should b e  performed i n  more d e t a i l  both a t  
ambient and low temperature.  
of a c t u a t i o n  requirements bu t  a l s o  because t h e  l o c a l  temperature w i t h i n  t h e  
seal material reaches a p o i n t  where f a i l u r e  o r  r a p i d  d e t e r i o r a t i o n  r e s u l t s .  
To compensate f o r  t h i s ,  t h e  Delta seal con tac t  area i s  c o n t r o l l a b l e  and i s  
a func t ion  of t h e  i n d i v i d u a l  seal design c r i t e r i a .  
This in format ion  i s  important  no t  only because 
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(1) C a m s  and fol lowers  were relapped a f t e r  1500 c y c l e s .  
( 2 )  L a s t 2 0  w e t  cyc le s  of series conducted with 225-psig i n l e t  p re s su re .  
All o t h e r  cyc le s  wi th  163-psig i n l e t  p r e s s u r e ,  
Oxidizer  Valve Shaft  Torque ( in . - lb)  - Wet Cycle Test Series 
Figure 10 
Report NASA 108577 




GN2 Leak Test Pressures, ps ig  
2 75 175 240 2 2 75 175 240 2 2 75 175 240 2 - -  - - ----  - - - - -  - 
Acceptance 0 0 0  - 0 0 0 1 6 - 0 0 0  0 - 0  
64 0 0 0  - 0 0 0 0 - 0 0 0  0 - 0  
150 0 0 0  - 0 9 6 3 6 1 0  - 0 0 0 0 - 0 
250 0 0 10 - 0 0 0 0 - 0 0 0  0 - 0  
500 0 70 144 - 0 0 0 1 0 - 0 0 0  0 - 0  
1000 0 42 72 - 0 0 0 0 - 0 0 0  0 - 0  
1500 0 0 0  - 0 0 0 0 - 0 0 0  0 - 0  
After rework 0 18 120 - 0 0 0 6 0 - 0 0 0  0 - 0  
1550 0 0 0  - 0 0 3 0 1 0 0  - 0 0 0 0 - 0 
2000 0 0 88 - 10 0 3 0 4 6  - 0 0 0 0 - 0 
2500 0 0 0  - 0 0 0 1 0 - 0 0 0  0 - 0  
3000 0 0 28 - 0 0 0 0 - 0 0 0  0 - 0  
4 750 0 0 16 - 0 0 0 0 - 0 0 0  0 - 0  
7500 0 0 0 1 6 0 0 0 0 1 6 0 0 0  0 0 0  
10,000 0 0 8  0 0 0 0 0 2 0 0 0 0  0 0 0  
15,000 0 16 110 255 0 0 0 14 16 0 0 0 0 0 0 
20,000 0 1 2 0 1 6 0  208 0 0 0 0 0 0 0 0 0 0 0 
20,O2Oc1) 0 630 876 1080 0 0 0 40 28 0 0 0 0 0 0 
(1) Last 20 w e t  cycles  of series conducted with 225-psig i n l e t  pressure. A l l  
other cycles  with 163-psig i n l e t  pressure. 
Oxidizer Valve Wet Cycle Leakage Rates (cc/hr) 
Figure 11 
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Figure 23 















9 .  
10. 
11. 
P r o p e l l a n t s  
Fuel  




Valve P r e s s u r e  Drop 








Cycle L i f e  
Operat ing Temperature Range 
Pro0 f P r e s s u r e  
Burst  P r e s s u r e  
Other Requirements 
Liquid hydrogen a t  40"R 
Liquid Oxygen a t  180"R 
2.52 l b l s e c  
15.08 l b l s e c  
25 p s i  max a t  r a t e d  flow 
1600 p s i g  max 
1600 p s i g  max 
0.150 - + 0.030 sec, s i g n a l  t o  f u l l  open 
0.100 + - 0.040 sec, s i g n a l  t o  f u l l  c lo sed  
No bubbles i n  2 minutes,  i n i t i a l ;  
100 sccl h r  max a f t e r  1000 c y c l e s  
1000 min 
40 t o  530'R 
2600 p s i g  
4000 p s i g  
Valve s h a l l  f a i l - s a f e  c losed wi th  l o s s  o f  e l e c t r i c a l  power. 
I n l e t s  and o u t l e t s  s h a l l  accommodate s t a t i c  f l ange  seals. 
Pneumatic a c t u a t i o n  s h a l l  b e  used. 
P o s i t i o n  i n d i c a t i o n  s h a l l  b e  provided. 
Valves s h a l l  b e  monopropellant w i t h  independent a c t u a t i o n .  
OME Valve Design Criteria 
Figure 25 











Report NASA 108577 
,/' 
.." 
,Y- TORQUED SCREW 
______.  MODIFIED P/N 1159693 PINTLE 
/' 
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I / / '  -..- TEFLON INSERT 
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II 
SEAL RETAINER I_--- 
Teflon Poppet Assembly 
Figure  27 
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RADIAL FORCE COMPONENT 
spk LOADING R I N G  
Delta S e a l  Installation 
Figure  28 
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Component 
Body 
Spacer ,  S e a l  
S e a l  
R e t a i n e r  
Re ta in ing  Ring 
Union 
Check Valve 
Conica l  S e a l  




Seal Spacer  
Poppet  Assembly 
P i n t l e  
Poppet Guide 
Spr ing  Disc 
Seat, Spr ing  
P i s t o n  
S e a l  
S ea1 
Spr ing  Guide 
Po ten t iome te r  
Spr ing ,  I n n e r  
Spr ing ,  Ou te r  
Cover 
S e a l  
Delta S e a l  Assembly 
Delta Seal Assembly 
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Where F a b r i c a t e d  




Uni ted  Supply 
United Supply 
James, Pond, Clark 
vs I 
United Supply 




F lu roca rb  on 
ALRC 
Gross Ins t rumen t s  






Beckman Ins t rumen t s  
A s  s o  cia t e d  Spr ing  
P r e c i s i o n  C o i l  
ALRC 
RACO 
Rubly Engr. Co. 
Rubly Engr. Co. 
Rubly Engr. Co . 
OME Valve Components 
F igu re  29 
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Poppet 
Front  
Sha f t  
Seal 
Rear 
Sha f t  
Sea l  
P i s t o n  
Seals 
Cycles 10 50 75 10 0 
T e s t  
P re s su re ,  




0 0 0 
0 0 0 
0 0 0 
10 0 0 0 
30 0 0 0 
700 90 60 50 
10 0 0 0 
30 0 0 0 




0 0 0 
0 0 0 
8 6 3.5 
NOTE: (1) Leakage rates are w i t h  helium i n  scc / lO min 







100 Dry Cycle T e s t  Data 
Figure  30 
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Low-Temperature Test Setup 
F igu re  31 
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I I I 1 I I I I I I 
80 90 100 70 10 20 30 40 50 60 
Valve P o s i t i o n  - % Toward F u l l  Open (100% = 0.508 Stroke) 
OME Valve K, v s  Valve B o s i t i o n  
F igu re  34 
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Supply P r e s s u r e ,  p s i g  -3 700 800 900 1000 
Opening T i m e ,  sec 0.009 0.007 0.010 --- 
Closing T i m e ,  sec 0.037 0.035 0.040 --- 
P i l o t  Valve 
Attached D i r e c t l y  
t o  Ac tua to r  I n l e t  
0.011 0.010 0.010 Opening T i m e ,  sec --- 
0.045 0.044 0.048 Clos ing  T i m e ,  sec --- 
F i l t e r  and 5 f t  
of Line between 
P i l o t  Valve and 
Ac tua to r  
Minimum Response Data 
Figure  36 
POST 100 DRY CYCLE INSPECTION 
Poppet - Very s l i g h t  impression noted on seat c o n t a c t  
s e a l i n g  s u r f a c e .  
Ac tua to r  - No damage noted.  
Sea t  S t a t i c  S e a l  - A l a r g e  cu t  no ted  on OD s e a l i n g  s u r f a c e .  
P i s t o n  S e a l s  - D i r t  noted on s e a l i n g  s u r f a c e .  
S h a f t  Sea l s  - D i r t  noted on s e a l i n g  s u r f a c e s .  
Other Metal P a r t s  - No damaged noted.  
POST 5720 LN2 CYCLES (RACO SEALS AND KEL-F POPPET) 
- Body 
- Poppet 
Poppet Guide - 
Spr ing  Guide - 
Other Metal P a r t s  - 
S e a l s  - 
Ligh t  d e p o s i t  of s p r i n g  washer material (copper) 
noted on s u r f a c e  where p i s t o n  bottoms o u t .  
Teflon f l a k e  material on l a r g e  OD of p i n t l e .  Teflon 
i s  from poppet guide Armalon bea r ing .  
Armalon i n s e r t  i s  wearing on one s i d e .  
is  toward valve i n l e t  p o r t .  Poppet b o l t  torque 
had decreased from 80 t o  35 in . - lb .  
Worn s i d e  
Minor marks noted on s u r f a c e  where s p r i n g s  are 
pos i t i oned .  
s p r i n g  r o t a t i o n .  
This  w a s  probably caused by s l i g h t  
No damage noted.  
No damage noted.  
POST 10,000 LN2 CYCLES (RACO SEALS AND KEL-F POPPET) 
Poppet - No damage noted.  Teflon f l a k e  material on l a r g e  
OD of p i n t l e .  Teflon i s  from poppet guide 
Armalon bea r ing .  
Poppet Guide - Armalon i n s e r t  wear noted.  
Other Metal P a r t s  - No damage noted.  
Seals - N o  damage noted.  
Disassembly Inspec t  i on  R e s u l t s  
Figure 37 (Sheet 1 o f  2 )  
POST 10,000 LN? CYCLES (DELTA SEALS AND TEFLON POPPET) 
Poppet - Heavy g raph i t e /Te f lon  d e p o s i t s  on p i n t l e  s u r f a c e s  
c o n t a c t i n g  dynamic seals. 
Spring Guide - Delta seal material ( g r a p h i t e )  rubbed i n t o  p i s t o n  
s i d e  i n  one l o c a t i o n .  This  i n d i c a t e s  minor c o n t a c t  
between guide and valve body. 
Poppet Guide - Teflon material t end ing  t o  b u i l d  up a t  one end due 
t o  wear from p i n t l e .  Wear d id  n o t  extend t o  g l a s s  
c l o t h .  
Valve Body - Heavy d e p o s i t s  o f  Te f lon /g raph i t e  on I D  where 
c o n t a c t  i s  made w i t h  p i s t o n  dynamic seal. 
Ac tua to r  Cover - Deep s c r a t c h e s  noted i n  I D  where va lve  s h a f t  nu t  
i s  pos i t i oned .  
assembly. 
These probably occurred du r ing  
D i s  as s emb l y  Inspec t  i o n  R e s  u l  t s 
Figure 37 (Sheet  2 o f  2 )  
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OME WORKHORSE VALVE TEST PLAN 
CONTRACT NAS 9-8317 
I. INTRODUCTION 
This  t es t  p l a n  o u t l i n e s  t h e  development test series t o  be conducted 
on t h e  OME v a l v e  assembly. 
shu to f f  element and i t s  r e l a t e d  seals wi th  emphasis on l i f e  cyc le ,  leakage,  and 
response.  
The test program is  designed t o  e v a l u a t e  t h e  b a s i c  
Leakage p a s t  t h e  main valve sea l ,  s h a f t  seals ,  and a c t u a t o r  seals 
w i l l  b e  monitored a t  s p e c i f i c  i n t e r v a l s  throughout w e t  o r  dry cyc l ing .  
and t iming test d a t a  w i l l  be  analyzed t o  determine i f  g a l l i n g ,  o r  a c t u a t o r  
degradat ion,  i s  occuring. 
i n s p e c t i o n  a t  t h e  completion of t e s t i n g .  
Actuat ion 
A l l  components w i l l  be  sub jec t ed  t o  a c r i t i c a l  v i s u a l  
11. TESTS TO BE PERFORMED 
Tests t o  be conducted are t a b u l a t e d  below. It i s  intended t o  
conduct t h e s e  tests i n  t h e  o r d e r  l i s t e d ;  any d e v i a t i o n  from t h i s  test sequence 
w i l l  be  documented i n  t h e  a p p l i c a b l e  tes t  r e q u e s t  supplement. 
be taken of a l l  test s e t u p s  and of any damage incu r red  during t e s t i n g .  




1 .b .  




TEST TYPE REFERENCE PARA. TEST LOCATION 
Acceptance V A  Mechanical Controls  Lab. 
Proof V A, 1, a,  b y  c 1 1  I 1  I 1  
I 1  I I  I 1  Leakage V A, 2, a ,  b ,  CY d ,  
Funct ional  v A,  3 ,  a, b ,  CY 
Dry Cycling V A ,  4 ,  a,  
1 1  I 1  I 1  
1 1  I 1  I 1  
I I  1 1  1 1  Wet Cycling V A, 5, a 
Flow Tes t ing  V A, 6 I t  I t  I 1  
Page 1 
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I11 m HARDWARE 
One OME p r o p e l l a n t  va lve ,  PN 1159700, w i l l  b e  u t i l i z e d  i n  t h e  
development eva lua t ion .  This  assembly w i l l  i nc lude  a workhorse a c t u a t i o n  
system supplying GN t o  t h e  v a l v e  a c t u a t o r .  An a p p r o p r i a t e  o r i f i c e  w i l l  be  
made and i n s t a l l e d  i n  t h e  workhorse system t o  c o n t r o l  v a l v e  response.  A l l  
assembly, t e s t i n g ,  and disassembly w i l l  be accomplished i n  t h e  Mechanical 
Controls  Laboratory,  Bui lding 2002. Figure 1 p r e s e n t s  a c r o s s  s e c t i o n  of t h e  
OME p r o p e l l a n t  va lve .  
2 
I V  . GENERAL TEST CONDITIONS 
Clean l ines s  of a l l  p a r t s ,  subassemblies,  and t h e  va lve  assembly 
w i l l  be maintained e q u i v a l e n t  t o  AGC-46652, Level E;  however, they w i l l  no t  be 
c e r t i f i e d  as such. 
benches by personnel  wearing nylon gloves.  
nylon bags u n t i l  r equ i r ed  f o r  assembly. 
A l l  assembly work w i l l  be  accomplished i n  laminar  flow 
A l l  p a r t s  w i l l  be s e a l e d  i n  c l e a n  
T e s t  f l u i d s  w i l l  be  f i l t e r e d  through 5 micron nominal, 18 micron 
a b s o l u t e ,  f i l t e r s  p r i o r  t o  e n t e r i n g  t h e  va lve .  
which must b e  vented t o  atmosphere during t e s t i n g  w i l l  be  p r o t e c t e d  by 5 micron 
nominal, 18 micron a b s o l u t e ,  f i l t e r s .  A l l  va lve  p o r t s  w i l l  be  a p p r o p r i a t e l y  
covered when t h e  va lve  i s  n o t  i n  use. 
Valve assembly s e r v i c e  p o r t s  
V. DESCRIPTION OF TESTS 
A. Acceptance T e s t  
The acceptance t e s t  w i l l  c o n s i s t  of a proof tes t ,  f u n c t i o n a l  t es t ,  
and l e a k  tes t  as fol lows:  
Page 2 
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V, Desc r ip t ion  of Tests (cont inued)  
1. Proof T e s t  
A l l  proof p r e s s u r e  tests w i l l  be  performed i n  a s a f e ,  
remote area w i t h  gaseous n i t r o g e n  as t h e  t e s t  f l u i d .  N o  evidence 
of permanent d i s t o r t i o n  o r  damage w i l l  be  acceptab le .  
app l i ed  t o  more than  one p o r t  a t  a t i m e  w i l l  be inc reased  and 
decreased  s imul taneous ly  a t  a l l  p o r t s .  
P r e s s u r e  
a. Valve Assembly Proof T e s t  
The i n l e t  p o r t ,  o u t l e t  p o r t ,  a c t u a t i o n  system 
supply p o r t ,  and s h a f t  seal  d r a i n  p o r t  w i l l  be s imul taneous ly  
p r e s s u r i z e d  t o  1400 - + 1 0  p s i g  f o r  f i v e  minutes  minimum. 
The a c t u a t i o n  system i n l e t  p o r t  s h a l l  be  l e f t  open du r ing  
t h e  proof t es t .  
b. Valve S e a l  Proof T e s t  
The i n l e t  p o r t  s h a l l  be  p re s su r i zed  t o  1400 - + 10 
p s i g  f o r  f i v e  minutes  minimum. The o u t l e t  p o r t ,  s h a f t  
sea l  d r a i n  p o r t ,  and t h e  a c t u a t i o n  system supply p o r t  
w i l l  b e  l e f t  open dur ing  the proof t es t .  
C.  Actua t ion  System Proof Test 
The a c t u a t i o n  system i n l e t  p o r t  s h a l l  be  p r e s s u r i z e d  
t o  2000 2 20 p s i g  f o r  f i v e  minutes  minimum. 
c a v i t y  d r a i n  p o r t  w i l l  be  l e f t  open dur ing  t h e  proof 
test .  
The seal  
Page 3 
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2. Valve Leak Check 
A l l  ambient leakage  tests w i l l  b e  conducted us ing  gaseous 
I n t e r n a l  leakage s h a l l  be  measured us ing  water d i s -  n i t rogen .  
placement type  meter, External leakage w i l l  b e  checked by use  of 
l i q u i d  l e a k  d e t e c t o r ,  Leakage tests are s p e c i f i e d  f o r  a d u r a t i o n  
of 3 - + 0.5 minutes.  
t hen  t h e  d u r a t i o n  s h a l l  be extended t o  LO - + 0.5 minutes.  
I f  leakage i s  observed dur ing  t h a t  per iod ,  
a.  Valve.Shutoff  S e a l  and Shaf t  Seal Leak Check 
The i n l e t  p o r t  s h a l l  be  p re s su r i zed  wi th  gaseous 
n i t r o g e n  t o  10 - + 0.5 p s i g  f o r  3 - + 0.5 minutes.  
s h a l l  b e  monitored from t h e  va lve  o u t l e t  p o r t  and s h a f t  
sea l  c a v i t y  d r a i n  p o r t .  The tes t  s h a l l  be repea ted  a t  
30, 100, 200, 500, and 700 p s i g .  
Leakage 
b.  Actua t ion  System Leak Check 
The a c t u a t i o n  system supply p o r t  s h a l l  be  p re s su r i zed  
t o  10 - + 0.5 p s i g  f o r  3 - + 0.5 minutes .  Leakage p a s t  t h e  
s h a f t  and p i s t o n  seals s h a l l  be monitored from t h e  seal  
c a v i t y  d r a i n  p o r t  and a c t u a t o r  cover ven t  check va lve  
p o r t .  The test s h a l l  be  repea ted  a t  1000 - + 10 p s i g .  
C .  Valve E.xterna1 Leak Check 
The i n l e t  and o u t l e t  p o r t s  s h a l l  b e  p re s su r i zed  t o  
10  - + 0.5 ps ig  f o r  3 - + 0.5 minutes.  
monitored p a s t  t h e  va lve  seat s t a t i c  seal  and i n l e t / o u t l e t  
f l a n g e  seals. 
p s i g  . 
Leakage s h a l l  be 
The test  s h a l l  be  repea ted  a t  30 and 700 
Page 4 
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2. Valve Leak Check (continued) 
3 .  
d. Actuator  Cover External Leak Check 
P r e s s u r i z e  t h e  a c t u a t o r  cover  and a c t u a t o r  supply 
p o r t  t o  10 - + 0.5 pgig f o r  3 - + 0.5 minutes.  
s h a l l  b e  monitored a t  t h e  cover t o  va lve  body s t a t i c  
seal, a c t u a t o r  i n l e t  f i t t i n g  s t a t i c  seal ,  and poten t iometer  
t o  cover  s ta t ic  seal. 
Leakage 
e.  Sha f t  S e a l  Cavity Drain F i t t i n g  S t a t i c  Seal 
Leak Check 
P r e s s u r i z e  t h e  va lve  i n l e t  p o r t ,  seal c a v i t y  d r a i n  
p o r t ,  and a c t u a t o r  supply p o r t  t o  1 0  - + 0.5 ps ig .  
sha l l  b e  monitored p a s t  t h e  s h a f t  seal c a v i t y  f i t t i n g  
s t a t i c  seal. The test s h a l l  b e  r epea ted  a t  30 and 700 
p s i g  . 
Leakage 
Valve Funct iona l  Test 
The f u n c t i o n a l  test w i l l  be  performed i n  t h r e e  segments, 
an a c t u a t i o n  tes t ,  t iming tes t ,  and maximum response c a p a b i l i t y .  
Normal p o s t  cyc l ing  tests w i l l  only inc lude  t h e  a c t u a t i o n  and 
t iming tests.  The maximum response c a p a b i l i t y  tes t  s h a l l  be  
performed a t  t h e  conclusion of t h e  test  program. 
Page 5 
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3 .  Valve Funct ion  Test (cont inued)  
a. Ac tua t ion  T e s t  
The i n t e n t  of t h i s  test  is  t o  determine changes 
i n  t h e  breakaway f r i c t i o n  of t h e  valve assembly. Gaseous 
n i t r o g e n  s h a l l  be app l i ed  s lowly t o  t h e  a c t u a t i o n  supply 
p o r t  u n t i l  t h e  p i s t o n  moves t o  t h e  open p o s i t i o n  as 
v e r i f i e d  by t h e  poten t iometer  trace. P res su res  corresponding 
t o  i n i t i a l  p i s t o n  movement and f u l l  t ravel s h a l l  be  
measured and recorded. The d a t a  s h a l l  be  analyzed t o  
determine t h a t  no l a r g e  change i n  f r i c t i o n  has  occurred .  
b. Timing Test 
Th i s  t es t  w i l l  v e r i f y  t h e  proper  s e l e c t i o n  of 
t iming  o r i f i c e s  dur ing  tes t  assembly and w i l l  i d e n t i f y  
valve t iming  changes from test  t o  test. The test  f l u i d  
w i l l  be  gaseous n i t rogen .  
p r e s s u r e ,  t h e  e n e r g i z a t i o n  and de-energ iza t ion  s i g n a l s ,  
and t h e  poten t iometer  o u t p u t s  w i l l  b e  measured and 
recorded.  
The a c t u a t i o n  system i n l e t  
For  each t iming tes t  conducted, t h e  a c t u a l  
opening and c l o s i n g  t i m e s  w i l l  be  recorded.  These 
d a t a  w i l l  be  compared w i t h  prev ious  tests t o  determine 
i f  s i g n i f i c a n t  changes have occurred .  
Required t o t a l  valve response  t i m e s  are .150/.170 
seconds f o r  bo th  opening and c l o s i n g .  
Page 6 
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3 .  Valve Funct ion Test (cont inued)  
C.  Minimum Response T e s t i n g  
A t  the conclusion of the test program, the f a s t e s t  
response  c a p a b i l i t y  of  t h e  valve s h a l l  be  determined. 
This  test  w i l l  be  based on t h e  designed a c t u a t o r  p i s t o n  
o p e r a t i n g  p r e s s u r e  and a p p r o p r i a t e  o r i f i c e  changes.  
shu to f f  seal  and a c t u a t o r  component degrada t ion ,  i f  any, 
s h a l l  b e  observed dur ing  t h i s  t e s t i n g .  
Main 
4. Valve Dry Cycle Tes t ing  
a ,  The valve s h a l l  be  cycled 100 t i m e s ,  a t  t h e  r equ i r ed  
response  t i m e ,  wi th  30 p s i g  of gaseous n i t r o g e n  supp l i ed  
t o  t h e  i n l e t  p o r t .  A minimum of t w o  seconds open and t h r e e  
seconds c losed  s h a l l  be  r equ i r ed .  I n t e r m i t t e n t  l e a k  t e s t i n g  
s h a l l  be  conducted fo l lowing  10,  50, 75, and 100 c y c l e s  as 




a .4  
Main shu to f f  seal l e a k  checks a t  
10 ,  30, and 700 ps ig .  
Sha f t  seal l e a k  check a t  10 ,  30, 
and 700 p s i g .  
Actua tor  p i s t o n  and s h a f t  seal  l e a k  
check a t  r e q u i r e d  a c t u a t i o n  system 
p res su re .  
A f u n c t i o n a l  and t iming  tes t  s h a l l  
be  performed only  a t  the end of 100 
d ry  cyc le s .  
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5. Valve Wet Cycle Tes t ing  
The w e t  c y c l e  tes t  w i l l  c o n s i s t  of c y c l i n g  t h e  valve 
wi th  l i q u i d  n i t r o g e n s a p p l i e d  t o  t h e  valve i n l e t  a t  700 - + 10  p s i g .  
The valve s h a l l  b e  cycled a t o t a l  of 10,000 t i m e s .  Liquid n i t r o g e n  
s h a l l  be supp l i ed  t o  t h e  va lve  through t h e  1 / 4  inch  i n l e t  boss on 
t h e  v a l v e  i n l e t  c l o s u r e  p l a t e .  The r e q u i r e d  response t i m e  s h a l l  
be maintained throughout t h e  cyc l ing  tes t .  A minimum of one 
second open and t h r e e  seconds c losed  s h a l l  be r equ i r ed .  I n t e r m i t t e n t  
tests s h a l l  be performed a t  100, 500, 1000, 3000, 5000, 7000, and 
10,000 c y c l e s  as fo l lows :  (Gaseous helium s h a l l  b e  used du r ing  a l l  
leakage tests) 
a. I n t e r m i t t e n t  t e s t i n g  s h a l l  c o n s i s t  of 
main shutoff  seal  l e a k  checks a t  30 and 700 
p s i g ,  s h a f t  seal  l e a k  checks a t  30 and 700 
p s i g ,  a c t u a t o r  p i s t o n  and s h a f t  seal l e a k  
checks a t  10 p s i g ,  and a t  t h e  r equ i r ed  a c t u a t i o n  
p r e s s u r e ,  and v a l v e  f u n c t i o n a l  and t iming tests. 
6 .  Valve Water Flow Testing: 
Valve water flow t e s t i n g  s h a l l  be conducted i n  o r d e r  t o  
determine t h e  p r e s s u r e  drop, f low rate ,  and r e s i s t a n c e  c o e f f i c i e n t  
(%) a t  t h e  nominal ope ra t ing  cond i t ions .  
t h e  v a l v e  w i l l  b e  measured i n  t h e  f u l l  open p o s i t i o n  and s e l e c t e d  
increments of v a l v e  c losu re .  
These c h a r a c t e r i s t i c s  of 
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